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Foreword

Ames is the coolest place to work in the federal government.
That was true when one of us (Jack) joined the laboratory in 1947,
true when the other (Pete) joined in 2006, and true today. Our
offices are nearby, and we often trade stories about how well Ames’
heritage supports our vision of the future of space exploration. Part
of what makes Ames so cool is the constant dialogue between past
and future, between capabilities and potential, between the science
fiction of yore and the realities of what we do today, and between
those giants of aerospace engineering who walk our campus and
those young folk who seek to learn from them.

One of ten NASA field Centers around the country, Ames is
located at the heart of Silicon Valley. The organizational culture of
NASA Ames reflects that of Silicon Valley: collaboration to leverage
proven strengths, a desire to nurture new disciplines, a willingness
to work cheap and fast, a need to match demonstration with theory;,
a longer view into the future of space exploration, and the belief that
we can change the world.

During its earliest days, Ames researchers broke new ground in all
flight regimes (the subsonic, transonic, supersonic, and hypersonic)
by building increasingly sophisticated wind tunnels, arc jets, research
aircraft, and methods of theoretical aerodynamics. Extending its
expertisein human factorsand pilot workload research, Amesbecame
NASA’s lead center in basic life sciences research, which included
radiation biology, adaptability to microgravity, and exobiology.
Some Ames aerodynamicists explored the complex airflows around
rotorcraft and devised the first tilt-rotor aircraft, while others
modeled airflows using new supercomputers and internetworking
to create the field of computational fluid dynamics. Building upon
its expertise in computational chemistry and materials science,
Ames pioneered the field of nanotechnology. Ames research in air
traffic management helped make air travel safer and more energy
efficient. Ames engineers and planetary scientists managed a series
of airborne science aircraft, of planetary atmosphere probes, and
robotic explorers like the Pioneer spacecraft and Lunar Prospector.
Ames pioneered the “virtual institute” to develop the disciplines
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of astrobiology and lunar science. More recently, NASA Ames is
innovating in the engineering of small and modular spacecraft.

Some of Ames’ greatest contributions to America’s aeronautics
and space program include the swept-back wing concept that is used
on all high-speed aircraft today; the blunt body concept, which is
used on every spacecraft to prevent burning upon planetary entry;
the management of the Pioneer planetary spacecraft, which was the
first human-made object to leave the solar system; the disciplines of
computational fluid dynamics and astrobiology; the Kepler mission
to find exoplanets, which was one of the first astrobiology-driven
missions, and the Lunar Prospector and LCROSS missions, which
confirmed the presence of water at the poles of the Moon.

Ames has emerged as NASA’s leading center in supercomputing
and information technology, astrobiology and the space life sciences,
earth and planetary science, materials science and thermal protection
systems, and small spacecraft engineering. We've drawn new
types of researchers into space exploration by creating the NASA
Research Park, a premier space for collaborative corporate research
and innovative educational facilities to train the future aerospace
workforce. With more than $3 billion in capital equipment in 2010,
a research staff 2,400 people strong, and an annual budget of more
than $800 million, Ames plays a critical role in virtually all NASA
missions in support of America’s space and aeronautics programs.

We dedicate this book to the many women and men who have
dedicated their careers to the success of the NASA Ames Research
Center, and who make our Center so cool.

%ﬁ&v Bof—

Pete Worden Jack Boyd



Preface

As the NASA Ames Research Center approached its 70th
anniversary in December 2009, there was interest in updating the
60th anniversary history Atmosphere of Freedom: Sixty Years at
the NASA Ames Research Center (NASA SP-4314). Much had
happened in the decade from 1999 to 2009. Ames stayed focused
on its historical mission of basic research and forward-thinking
technologies—in information technology, aeronautics, reentry
systems, space life sciences, and planetary science. Still, the Center
confronted new challenges and new programs emerged. Notable was
the growth of astrobiology, the birth and death of nanotechnology,
the establishment of the NASA Research Park, the LCROSS mission
to the Moon and the Kepler mission to hunt for Earth-sized planets.
Perhaps the most important challenge was NASA’s Constellation
program, a full-bore effort to create a transportation system for
human space flight to replace the Space Shuttle and return America
to the Moon. Furthermore, events of the most recent decade shed
new light on parts of NASA Ames’ legacy. The renewed emphasis on
small spacecraft, for example, prompted renewed interest in Ames’
historical strengthsin spacecraftengineeringdatingback to the 1960s.
The renewed emphasis on NASA research to resolve the common
concerns of commercial space, likewise, prompted renewed interest
in Ames work to support the information technology industry.

This update also allowed for a reconfiguration of the text. The
story here starts in 1958 when the National Advisory Committee for
Aeronautics (NACA), of which Ames was a part, was incorporated
into the new National Aeronautics and Space Administration
(NASA). The first twenty years of Ames’ history—back to 1939, its
NACA years—remains relevant. The NACA culture is firmly fixed
within Ames and often colored its work in the NASA years, especially
in its continuing efforts in aeronautics and in how it provides research
support to firms and other Centers pursuing larger projects. For those
interested in Ames during the NACA vyears, that story is told well in
Edwin P. Hartman, Adventures in Research: A History of the Ames
Research Center, 1940-1965 (NASA SP-4302, 1970).
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The 60th anniversary edition of Atmosphere of Freedom was
organized largely chronologically, with topical areas broken into
large swatches of time. This 70th anniversary edition begins with a
history of the Center from the perspective of the Center directors—
there have been ten since 1958. This ties the history of Ames into its
larger context of space policy and politics, and addresses the impact
of leadership on the history of the Center. Then the chapters are
organized by the subjects that persisted throughout Ames’ history:
spacecraft projects, human exploration, planetary sciences, space
life sciences, information technology, and aeronautical research.
Each of these stories has a history dating back to at least 1958, so
issues of overlap in the narrative remain—in that what Ames has
done best is explore the fruitful interchanges of disciplines and
capabilities. Computational fluid dynamics, or example, developed
from iterative advances in aerodynamics, supercomputing and
software development, and so will be addressed in various chapters.
Astrobiology, likewise, grew along the shifting border between the
space life sciences and planetary science.

However, the larger themes relevant on its 60th anniversary
remain relevant on the 70th anniversary of NASA Ames: the complex
and constant intermingling and convergence of people, tools and
ideas. Ames people value the perpetual reinvention of their careers
and the cross-fertilization of ideas. Ames stands as an extraordinary
repository of high-tech equipment, research laboratories, and
facilities. That physical infrastructure supports what Ames truly
is—a growing and evolving community of researchers and support
staff who have given birth to new technologies, and thus enabled the
human conquest of the atmosphere and the exploration of space.



Administrative History
CHAPTER 1

Administrative History

Ames contributed much of the technology that helped NASA
succeed in the mission that most preoccupied it during the
1960s—that of sending an American to the Moon and returning
him safely to Earth. Ames people defined the shape, aerodynamics,
and ablative heatshield of the reentry capsule. They mapped out
navigation systems, designed simulators for astronaut training,
built magnetometers to study the Moon and instruments to explore
the landing sites, and analyzed the lunar samples returned. Still,
compared with how it fueled growth at other centers, NASA’s rush
to Apollo largely bypassed Ames.

Ames’ slow transition out of the NACA culture and into the
NASA way of doing things, in retrospect, was a blessing. Under
the continuing direction of Smith DeFrance, then Harvey Allen,
Ames people quietly deepened their expertise in aerodynamics,
thermodynamics, and simulation, then built new deep pockets of
research expertise in the space and life sciences. They sat out the
bureaucratic politics feeding the frenzy toward ever more elaborate
and expensive spacecraft. DeFrance’s gentle refocusing of Ames’
NACA culture during the 1960s meant that Ames had nothing to
unlearn when NASA confronted its post-Apollo years—an era of
austerity, spin-offs, and broad efforts to justify NASA’s utility to the
American public.

This chapter addresses the history of NASA Ames from the
perspective of the Center directors and of the staff who managed
the operations of the Center. It was in Ames’ headquarters building
(now called N200) that the Center’s relations with the larger agency
were mapped out, funding argued for, and new organizational
processes imposed. The work done there set the context for all the
research and engineering work done on Center.
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DEFRANCE ALIGNS HIS CENTER WITH NASA

President Dwight Eisenhower signed the National Aeronautics
and Space Act into law in July 1958, and its impact was felt most
immediately in redefining Ames’ relations with its headquarters.
The NACA was disbanded, and all its facilities incorporated into the
new National Aeronautics and Space Administration (NASA) that
opened for business in October 1958. Eisenhower wanted someone
in charge of NASA who would take bold leaps into space—bolder
than NACA leadership had been willing to take—and appointed as
administrator T. Keith Glennan, then president of the Case Institute
of Technology. Hugh L. Dryden, who had been NACA chairman,
was appointed Glennan’s deputy. Glennan first renamed the three
NACA “Laboratories” as “Centers,” though kept Smith DeFrance
firmly in charge of the NASA Ames Research Center. DeFrance had
directed the Center since its founding in 1939.

Perhaps the first sign that the transition into NASA would disrupt
DeFrance’s management style was the appearance of organization
charts. DeFrance hated them, and never did them for Ames. “The
director believed,” remembered Ames engineer Jack Boyd, “that
when you put a man in a box you might as well bury him”* DeFrance
wanted everyone at the Center to move easily between research
projects, and he already knew whom to call on when he needed an
answer. NASA headquarters staff, though, wanted an easier way
to directly discover who at Ames was responsible for facilities or
research projects. So for the sake of headquarters Ames put their
organization charts on paper.

DeFrance went a year without making any organizational changes
to reflect NASA’s new space goals. At the end of 1959, he announced
that Harvey Allen was promoted to assistant director, parallel to
Russell Robinson. Robinson continued to manage most of Ames’
wind tunnels, some of which were mothballed or consolidated into
fewer branches to free up engineering talent to build newer tunnels
for space-oriented research. Allen had participated in many of the
NACA subcommittees focused on manned exploration of space,
and understood the research needs of the new NASA. Allen was
named assistant director for astronautics. Allen’s theoretical and
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applied research division was reconfigured so that he now managed
an aerothermodynamics division and a newly-established vehicle
environment division, both focused on studying the interior and
exteriors of spacecraft. In addition, DeFrance formed an elite Ames
manned satellite team, led first by Alfred Eggers and later by Alvin
Seiff, who helped define the human lunar mission that soon became
NASA’s driving mission.

Another major cultural shift in the Center came with the
departure of Harry Goett. NASA had also inherited the various
space project offices managed by the Naval Research Laboratory—
specifically Project Vanguard, upper atmosphere sounding rockets,
and the scientific satellites for the International Geophysical Year.
These offices had been scattered around the Washington, D.C. area,
and Glennan decided to combine them at the newly built Goddard
Space Flight Center in Beltsville, Maryland. Goddard would also
be responsible for building spacecraft and payloads for scientific
investigations, and for building a global tracking and data-acquisition
network. Glennan asked Harry Goett, chief of Ames’ full scale and
flight research division, to direct the new Goddard center. Goett
had been the architect of Ames’ work in subsonic flight and large-
scale testing. To replace Goett, in August 1959, DeFrance turned to
Charles W. “Bill” Harper. Fortunately, Goett resisted the temptation
to cannibalize colleagues from his former division, and instead built
strong collaborative ties between Ames and Goddard, especially in
the burgeoning space sciences.

The flood of money that started flowing through NASA only slowly
reached Ames. The NACA budget was $340 million in fiscal 1959. As
NASA, its budget rose to $500 million in fiscal 1960, to $965 million in
fiscal 1961, and earmarked as $1,100 million for fiscal 1962. Staff had
essentially doubled in this period, from the 8,000 inherited from the
NACA to 16,000 at the end of 1960. However, most of this increase
went to the new Centers—at Cape Canaveral, Houston, Goddard, and
Huntsville—and to the fabrication of launch vehicles and spacecraft.
Ames people had little engineering experience in building or buying
vehicles for space travel, even though they had devised much of the
theory underlying them. Glennan, in addition, followed a practice
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from his days with the Atomic Energy Commission of expanding
research and development through contracts with universities and
industry rather than building expertise in-house. The competition
for engineering staff grew intense, and most firms paid more than
NASA could. Thus, between 1958 and 1961, the Ames headcount
actually dropped slightly to about 1,400, and its annual budget
hovered around $20 million.

The disparity between what NASA got and what Ames got
grew greater in early 1961 when President Kennedy appointed
James E. Webb to replace Glennan as administrator. Glennan
had pursued a technology development program to move NASA
quickly into space, but across many fronts—human space flight,
robotic explorers, and Earth observation and communication
satellites. Kennedy had campaigned on the issue of the missile gap
and Eisenhower’s willingness to let the Soviets win many “firsts” in
space. So in Kennedy’s second state of the union address, on 25 May
1961, he declared that by the end of the decade America would land
a man on the Moon and return him safely to Earth. Ames people
had already planned missions to the Moon and pioneered ways to
return space travelers safely to Earth. But they had expected decades
to pass—and essential infrastructure built—before these plans
were pursued. Kennedy’s pronouncement dramatically accelerated
their schedules and brought a compellingly clear focus to NASA’s
mission. Kennedy boosted NASA’s fiscal 1962 budget by 60 percent
to $1.8 billion and its fiscal 1963 budget to $3.5 billion. NASA’s total
headcount rose from 16,000 in 1960 to 25,000 by 1963. More than
half of this increase was spent on what Ames managers considered
the man-to-the-Moon space spectacular.

Again, Ames grew little relative to all of NASA, but it did grow.
Ames’ head count less than doubled, from 1,400 in 1961 to 2,300 in
1965, while its budget quadrupled, from about $20 million to just
over $80 million. Almost all of this budget increase went to research
and development contracts—thus marking the greatest change in
the transition from NA¢A to NA$A. Under the NACA, budgets grew
slowly enough that research efforts could be planned in advance
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and personnel hired or trained in time to do the work. Under
NASA, however, the only way to get skilled workers fast enough
was to hire the firms that already employed them. Furthermore,
under the NACA, Ames researchers collaborated with industrial
engineers, university scientists, and military officers as peers who
respected differences of opinions on technical matters. Under
NASA, however, these same Ames researchers had enormous sums
to give out, so their relations were influenced by money. Gradually,
Ames people found themselves spending more time managing their
contractors and less time doing their own research.

Organizationally Ames continued to report to what was the old
NACA headquarters group—guarded by Dryden, directed by Ira
S. Abbott, and renamed the NASA Office of Advanced Research
Programs. The four former NACA laboratories—Ames, Langley,
Lewis, and the High Speed Flight Research Station—continued to
coordinate their work through a series of technical committees.
Even though the organizational commotion left in NASA’s wake
centered in the East, throughout the 1960s Ames found itself an
increasingly smaller part of a much larger organization. Gradually
the intimacy of the NACA organization faded as NASA’s more
bureaucratic style of management took over.

Four examples displayed the cultural chasm opening between
Ames and the new NASA headquarters. First, in 1959, on the day
Bill Harper reported to work as Harry Goett’s successor in full-scale
research, NASA headquarters told Ames to send all its aircraft south
to the NASA Flight Research Facility. Harper insisted that research
on VTOL flight (vertical take-off and landing) could not be done
without the aircraft to support it, so those remained, along with one
old F-86 used by Ames pilots to maintain their flight proficiency.
Thus started decades of debate, and disagreements, over how
aerodynamicists got access to aircraft for flight research. More
specifically, Ames continued to have access to the great runway
at Moffett Field and Navy hangars, and would continue to acquire
aircraft used for a variety of flight programs. NASA headquarters,
though, would continue to yield to arguments that aircraft could be
more cheaply based at Rogers Dry Lake.

9
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Second, NASA headquarters asserted its new right to claim the
75 acres of Moftett Field on which Ames sat as well as 39 acres of
adjacent property that was privately held. DeFrance argued that
there was no need to change Ames’ use permit agreement with the
Navy, and he negotiated a support agreement that showed he was
happy with Navy administration. NASA headquarters, however,
had money and chose to assert control over its assets.

Third, NASA renumbered the NACA report series and, more
importantly, relaxed the restriction that research results by NASA
employees first be published as NASA reports. With NASA
engineers building special purpose spacecraft for their own use,
it was less important that they share the results with everyone.
Newer employees, especially in the space and life sciences, with
more academic inclinations, preferred to publish their work in
disciplinary journals rather than through the peer networks so
strong in the NACA days. The result was less cooperation between
the NASA Centers on shared research interests—in that they would
continue to fight for funding but not over the validity and utility of
the results. On the other hand, cooperation with university-based
researchers was more clearly reflected in the published results.

Finally, NASA headquarters wanted Ames to leap into the
limelight. DeFrance had encouraged Ames staff to shift public
attention to the sponsors of its research, and Ames’ biggest outreach
efforts had been the triennial inspections when industry leaders
and local dignitaries—but no members of the public—toured the
laboratory. NASA headquarters encouraged DeFrance to hire a
public information officer better able to engage general audiences
rather than technical or industry audiences. Bradford Evans arrived
in August 1962 to lead those efforts, and soon Ames was hosting
tours by local school groups. DeFrance and his leadership staff
remained disinterested in advertising themselves, so Evans went
directly to individual researchers to find intriguing work to write
about and younger researchers learned the value of self-promotion.

The rise of public outreach, the decline of internal peer review and
publication, the distance growing between wind tunnels and flight
test aircraft, and central control of assets—all displayed a cultural
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shift as the NACA laboratories assimilated into NASA. Ames
explored organizational ways of integrating itself into the Apollo
program, and in the process demonstrated the skills NASA Ames
people would display in reinventing their careers, and reinventing
their Center, to enable changes in how America chose to explore
space.

The first organizational change to meet the needs of the Apollo
program came in August 1962, when Harvey Allen, who had been
active in the early NASA committees planning a manned space
program, formed a space sciences division and hired Charles P.
Sonett to lead it. Sonett was among the most experienced spacecraft
builders in the country. He had worked for Space Technology
Laboratories (later part of TRW Inc.) building space probes for the
Air Force, including Pioneer 1 and Explorer VI. Then from 1960 to
1962 he led the lunar science program office at NASA headquarters.
Notably, Sonett chaired a scientific working group on how to
incorporate science into the Apollo program and report they wrote
served as a road map for space science over the next decade.” At
Ames, by leveraging the extant expertise in instrumentation for the
wind tunnels and arc jets, Sonett established Ames as the leader in
solar plasma studies—especially with the Pioneers 6 to 9 spacecraft.
Later he devised the lunar surface magnetometers flown on Apollo
12, 15 and 16, and managed the team that led the science on the
Pioneers 10 and 11. Sonett left Ames as its director of astronautics
in 1972 and moved to the University of Arizona to establish its
planetary science department. Largely through his efforts, Ames
grew directly involved in how NASA pursued its solar and lunar
research effort, and extended its expertise in instrumentation into
space experiments.

The second organizational change was the start of life science
research at Ames. Like Sonett in the space sciences, Clark Randt had
worked at NASA headquarters dreaming up biological experiments
to be carried aloft into space. He wanted to build a laboratory to
validate the experiments on the ground prior to flight, and run
control experiments parallel to the flight experiments. Randt sent
Richard S. Young and Vance Oyama to work at Ames and build a
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small penthouse laboratory atop the instrument research building.
In the Bay area, they had contact with some of the world’s best
biologists and physicians and, at Ames, they got help from a well-
established human factors group in its flight simulation branch.
With encouragement from headquarters, Ames established a life
sciences directorate and, in November 1961, hired world-renowned
neuropathologist Webb E. Haymaker to direct its many embryonic
activities. Haymaker proved too focused on his own research on
radiation affects to be a program builder. In 1964 DeFrance hired
Harold P. “Chuck” Klein who would lead the Ames life sciences
division for two decades. Klein broadened the types of space life
science work done—notably into exobiology and the engineering
of biology payloads—while bringing organizational focus. By 1963,
the three major directorates at Ames were defined as aeronautics,
astronautics, and life sciences. The Johnson Space Center asserted
dominance over biomedicine and risk reduction related to astronaut
activity in space, though Ames remained NASA’s lead Center on
fundamental life sciences.

In addition to giving Ames expertise in a new discipline within
NASA, the life scientists also shifted the culture of the Center. This
new cohort of life scientists shared much with the aeronautical
engineers who inhabited the Center since the NACA days: polyglots
in scientific theories, driven to design the apparatus to prove
their theories, practitioners in rigorous peer-review, and aware of
their place in the networks that generated usable knowledge. Yet
these biologists seemed awkwardly grafted onto the Center. They
inhabited different disciplines, procedures and languages. Many
of Ames’ leading biologists were women, when women scientists
were still sparse on Center. Now, Ames people addressed different
intellectual communities and reorganized themselves accordingly.
Whereas Ames had historically organized itself around research
facilities—wind tunnels—by 1963 DeFrance organized his staff by
either missions or disciplines.

The third organizational change happened at headquarters. In
November 1963, NASA headquarters reorganized itself so that
Ames as a Center reported to the Office of Advanced Research and
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Technology (OART) while some major Ames programs reported to
the other headquarters technical offices. DeFrance could no longer
freely transfer money around the different programs at his Center.
Headquarters staff had grown ten times since the NACA days, and
from Ames’ perspective countless new people of uncertain position
and vague authority were issuing orders. Some of these newcomers
even bypassed the authority of the director and communicated
directly with individual employees on budgetary and engineering
matters. Virtually all of them wanted to know how Ames was going
to help get a human on the Moon, and return him safely to Earth.
Ames’ NACA culture was under pressure.

HARVEY ALLEN AS DIRECTOR

In October 1965, DeFrance retired after 45 years of public
service, with elaborate ceremonies in Washington and in San Jose
so his many friends could thank him for all he had done. DeFrance
planned well for his retirement and had cultivated several younger
men on his staff to step into his role. Harvey Allen was the best
known of the Ames staff, and had the most management experience.
The director’s job was his to refuse which, initially, he did.

Alfred Eggers then loomed as the front-runner. Eggers and Allen
were both friends and competitors. The two had collaborated in the
early 1950s on the pathbreaking work on the blunt body concept, but
Allen made his work more theoretical whereas Eggers explored more
practical applications like the lifting body spacecraft and design of
facilities like the 3.5 foot hypersonic wind tunnel.

In January 1963, Eggers convinced DeFrance to assign him to the
newly created post of assistant director for research and development
analysis and planning, a platform from which he could move Ames
more directly into human space flight. A year later Eggers went
to headquarters as deputy associate administrator in OART. He
persuaded his boss, Ray Bisplinghoff, to create a group to design
missions of interest to OART. This mission analysis division (MAD),
established in January 1965, reported directly to headquarters, was
located at Ames, and staffed by scientists on loan from the OART
Centers—Ames, Langley, Lewis and Dryden. The MAD was also
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tasked to manage the OART advanced studies program, a grant-
giving program which funded futuristic studies at universities and
corporations. But this MAD never got support from the other
Centers, and within a year, OART abandoned plans for assigning a
complement of fifty scientists to it. Soon the disarray began to spread
through the Ames directorate for R&D planning and analysis that was
originally created for Eggers to manage. Bob Crane assumed control
of program management and John Foster of systems engineering.
Clarence Syvertson remained in charge of a much smaller, though
very active, MAD focused on defining missions specific to Ames
(which would be dissolved in 1972). A new programs and resources
office was created under Merrill Mead to plan and fight for Ames’
budget. All this organization-building and space flight emphasis left
Eggers as the headquarters choice to become director. But Allen was
not convinced so dramatic a shift in direction was best for Ames.
To prevent Eggers from being named director and to keep Ames
largely as it was—distant from Washington, with a nurturing and
collaborative spirit, and focused on research rather than projects—
in October 1965 Allen took the directorship himself.

Allen did not distinguish himself as Ames director as he had in
his other promotions. In personality, Allen differed from DeFrance.
DeFrance was distant, fatherly, safety-minded and inclined to remind
Ames people that they were spending the hard-earned money of
the American taxpayers. Allen was warm, benevolent, close to the
research, inspirational in his actions and words. Allen, like DeFrance,
kept Ames as a research organization and worked hard to insulate
his staff from the daily false urgencies of Washington. Jack Parson
had served as associate director to DeFrance since the founding of
the Center, and Allen convinced him to stay to handle the internal
administration of the Center. Allen asked Loren Bright and Jack
Boyd to fill the newly created positions of executive assistant to the
director and research assistant to the director. It would be their jobs
to review and vet the various research proposals emanating from
Ames staff. Allen often sent Ames’ ambitious young stars in his place
to the countless meetings at headquarters. And every afternoon at
two o'clock, when headquarters staff on Washington time left their
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telephones for the day, Allen would leave his director’s office and
wander around Ames. He would poke his head into people’s offices
and gently inquire about what was puzzling them. “Are you winning?”
he would ask.? Eventually he would settle into his old office and
continue his research into hypersonics.

Ames suffered a bit during Allen’s four years as director. Ames’
personnel peaked in 1965 at just over 2,200 and dropped to just
under 2,000 by 1969. Its budget stagnated at about $90 million.
For the first time a support contractor was hired to manage wind
tunnel operations—in the 12 foot pressurized tunnel—and there was
a drop in transonic testing and research on aircraft design. Tunnel
usage actually increased to support the Apollo program and studies
of supersonic transports, and there was dramatic growth in Ames’
work in airborne and space sciences, especially from the Pioneer
program. But overall, not much new was happening on Center.

HANS MARK

Two events made 1969 the year to mark the next era in Ames
history. First, Apollo 11 returned safely from its landing on the
Moon, signalling the beginning of the end of the lunar landing
missions that drove NASA almost from its start. NASA had yet to
decide what to do for its second act, and a flurry of strategic planning
took place against an uncertain political backdrop. Much of the
American public—including political conservatives concerned with
rampant inflation and political liberals concerned with technocratic
government—began to doubt the value of NASA’s big plans. NASA
had downplayed the excitement of interplanetary exploration as
it focused on the Moon. Congress and the American aerospace
industry, under pressure from a resurgent European aerospace
industry, began to doubt if NASA really wanted the aeronautics
part of its name. Into the 1970s NASA had to justify its budget with
quicker results, better science, and relevance to earthly problems.

The second major event of 1969 was the arrival of Hans Mark
as Ames director. Mark, himself, displayed a force of personality,
a breadth of intellect, and an aggressive management style. More
importantly, Mark arrived as rumors circulated that Ames would
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be shut down. Thus, Ames people gave him a good amount of
freedom to reshape their institution. An outsider to both Ames and
NASA, Mark forged a vision for Ames that nicely translated the
expertise and ambitions of Ames people with the emerging shape
of post-Apollo NASA. Mark fashioned Ames to epitomize what
NASA called its OAST Centers—those reporting to the Office of
Aerospace Science and Technology (previously the OART). Mark
left Ames in 1977, following eight active years at the Center, and
then became in effect an ambassador for the Ames approach to
research management during his posts at the Defense Department
and at NASA headquarters.

Into the 1970s, NASA increasingly focused its work on the Space
Shuttle, assuming they would soon render routine human access
to low Earth orbit. Ames responded to NASA’s mission, first, by
creating the reentry technologies and control systems that might
make the Shuttle truly routine and second, by showing that there was
still a need within NASA for the extraordinary in aeronautics and
space exploration. This was a time for Ames when what mattered
most were entrepreneurship, reinvention, and alliance building.
Ames reshaped itself, so that its key institutional structures crossed
divisional boundaries, like the Ames Basic Research Council, the
Ames strategy and tactics committee, quality circles, and Ames-
university consortia agreements. Ames more consciously developed
its staff, so that Ames people played ever more prominent roles in
NASA administration.

Like Ames directors tended to be, Hans Mark was a practicing
researcher. But, other than Chuck Klein, he was the first senior
executive at Ames who did not come up through its ranks. Mark was
bornin June 1929 in Mannheim, Germany, and emigrated to America
while still a boy. He got an A.B. in 1951 in physics from the University
of California and a Ph.D. in 1954 in physics from the Massachusetts
Institute of Technology. He then returned to Berkeley and, save
for a brief visit to MIT, stayed within the University of California
system until 1969. He started as a research physicist at the Lawrence
Radiation Laboratory in Livermore and rose to lead its experimental
physics division. He also rose through the faculty ranks to become
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professor of nuclear engineering at the Berkeley campus. In 1964
he left his administrative duties at Lawrence Livermore National
Laboratory to become chair of Berkeley’s nuclear engineering
department as it shifted its emphasis from weapons to civil reactors.

When he arrived at Ames, Mark applied many of the management
techniques he had witnessed at work in the nuclear field. He created
a strategy and tactics committee that allowed for regular discussions,
among a much broader group than just senior management, about
where Ames was going and what would help it get there. As a
result, Ames people became much better at selecting areas in which
to work. Tilt rotor aircraft, for example, brought together diverse
researchers at Ames to tackle the problem of air traffic congestion.
Ames deliberately pioneered the new discipline of computational
fluid dynamics by acquiring supercomputers and merging scattered
code-writing efforts into a coherent discipline that benefitted every
area at Ames.

Similarly, Mark created the Ames “murder” board. This board
was a sitting group of critics who questioned anyone proposing a new
project or research area, to toughen them up for the presentations
they would make at headquarters. His style was argumentative,
which he thought Ames needed in its cultural mix. In a period of
downsizing, Mark wanted Ames people to stake out “unassailable
positions”—program areas that were not just technically valuable
but that they could defend from any attack.

From his experience at Livermore, Mark also understood the
power of matrix organization, the predominant management idea
then underlying all research and development in the military and
high-technology industry. Though formal matrix organization fitted
Ames badly—because of its structure around disciplinary branches
and functional divisions—Mark used the murder board to get
people thinking about the on-going relationship between functional
expertise and time-limited projects. Ames took project management
more seriously, using the latest network scheduling techniques to
complement its tradition of foreman-like engineers. And Ames
bolstered the functional side of its matrix, by getting its scientific and
facilities staffs to more consciously express their areas of expertise.
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Ames people insisted that Mark understand that they were
each unique—willing to be herded but never managed. Mark
compromised by mentally grouping them as two types. Some
wanted to become as narrow as possible in a crucial specialty that
only NASA could support, because academia or industry would
not. Mark admired these specialists, but took the paternal attitude
that they were incapable of protecting themselves. The other type
warmed to the constant and unpredictable challenges of space
exploration, and constantly reinvented themselves. So Mark created
an environment of opportunities, perhaps unique in NASA, where
both types of researchers flourished. And Mark adopted the Ames
custom of motivation and management by meandering. Like Harvey
Allen before him, Mark poked his head randomly into offices to
ask people what they were up to, and took it as his responsibility to
understand what they were talking about. When he did not have time
to stride rapidly across the Center, he would dash off a hand-written
memo (dubbed Hans-o-grams) that concisely presented his point of
view. When scientists like R.T. Jones and Dean Chapman suggested
Mark could know a bit more about the work done at the Center,
they convened a literature review group that met every Saturday
morning after the bustle of the week. While at Ames Mark learned to
pilot an aircraft just so he could talk shop with aerodynamicists and
flight mechanics. Mark made enemies too. After a spat with John
Dimeff, he dissolved Ames’ renowned instrumentation division and
scattered those researchers around the Center.

Mark treated NASA headquarters in the same informal way.
He encouraged Ames people to see headquarters as more than an
anonymous source of funds and headaches. Mark showed up every
morning at six o'clock so his workday was synchronized with Eastern
time. He travelled constantly to Washington D.C., taking a red eye
flight there and an evening flight back. He attended every meeting
he thought important and told anyone who would listen how Ames
was shaping its future. There, too, he would poke his head randomly
into offices to chat about how to shape NASA strategy. To head the
Ames directorates of aeronautics, astronautics, and life sciences,
Mark picked entrepreneurs who were likewise willing to travel
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and sell. Their deputies stayed home and manage daily operations.
From Mark, headquarters got the impression that Ames was more
involved in deciding how its expertise would be used. They also got
the impression that Mark had a “stop me if you can” attitude toward
headquarters and shared little respect for chains of command.

Mark also made Ames collaborate with broader communities.
“Ames has always been better at looking outside the Agency than
inside,” he reflected.* NASA headquarters was often too rule-
bound or unimaginative to fund every program Ames wanted to
accomplish. Collaboration increased the opportunities for direct
funding. Collaboration also made Ames people think about the larger
scientific and educational constituencies they served, and increased
the chances that the best people would aid Ames’ efforts. Mark
broke open the fortress mentality that DeFrance had inculcated, and
encouraged everyone to build bridges in whatever way they thought
appropriate.

During Mark’s tenure Ames forged on-going ties with
universities. While Ames had long used individual contracts with
area universities for specific types of help, in 1969 Ames signed a
cooperative agreement with Santa Clara University that was open-
ended. Negotiated by Ames chief counsel Jack Glazer, it pushed
the limits of the Space Act of 1958. The agreement defined an on-
going infrastructure of collaboration so that Ames and university
scientists only needed to address the technical aspects of their work
together. Furthermore, students could come to Ames to write their
dissertations, and many did in the fields of lunar sample analysis
and computational fluid dynamics. Some students came to write
papers on the law of space, research, or intellectual property, since
Glazer had made his office the only legal counsel office in NASA
with a research budget. Rather than operating under a contract
with research bought solely for NASA’s benefit, collaborating
universities shared in the cost of research. Ames signed collaborative
agreements with universities around America so that in June 1970,
when President Nixon tried to appoint a government czar of science
to keep university faculty out of the pockets of mission-oriented
agencies like NASA, Ames stood out as exemplary on the value of
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collaboration at the local level. In 1971 headquarters let Ames award
grants as well as administer them; by 1976 Ames’ university affairs
office could administer the grants independent of the procurement
office. By 1978, Ames administered 260 grants to 110 universities
with annual obligations of more than $11 million.

Mark also encouraged Ames researchers to interact more freely
with engineers in industry, and allowed them more freedom to
contract with the firms most willing to help build products for NASA’s
needs. Paul Yaggy, of the Ames full-scale and flight research group,
in 1965 had formalized Ames’ relationship with the U.S. Army air
mobility research and development laboratory. Encouraged by Yaggy’s
success in building a research effort on helicopter handling qualities
and the reliability of propulsion systems, Mark encouraged the Army
to augment its rotorcraft research office at Moffett Field and broaden
it to encompass two other NASA centers. He opened dialogue with
the Federal Aviation Administration (FAA) on joint programs in
aircraft safety. Mark put the Illiac IV supercomputer on the Arpanet
to encourage a wider community to author its code. He was especially
proud that people nurtured in Ames atmosphere were named
directors at Lewis and Goddard (John M. Klineberg), director at
Langley (Richard Peterson), associate administrator for management
at headquarters and deputy director at Dryden (Jack Boyd).

Mark left Ames in August 1977, having guided Ames through
the years of uncertainty between the end of the Apollo program and
the start of Space Shuttle operations. He also guided Ames people
to shape a long-term vision, which is still evident today. He helped
match their creative energy with NASA’s larger and ever-shifting
ambitions. The next three directors of Ames shaped the Center in
much the same way, but with an evolving palette of personnel against
a changing canvas of scientific progress and international politics.
Although none hit Ames with the same amount of youthful energy
and cultural dissonance, each of these directors learned his approach
by watching Mark at close range. In fact, Mark’s very first decision as
director was to confirm the decision by NASA headquarters that his
deputy should be Clarence Syvertson.
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CLARENCE A. SYVERTSON

Clarence “Sy” Syvertson understood the NACA culture that
had made Ames so great. He arrived at Ames in 1948, after taking
degrees at the University of Minnesota and after a stint in the
Army Air Forces, to work with Harvey Allen solving the problems
of hypersonic flight. Syvertson then worked with Al Eggers in the
10 by 14 inch wind tunnel until 1959, when he was named chief
of the 3.5 foot hypersonic tunnel that he and Eggers designed. By
pioneering theories that could be tested in Ames’ complex of wind
tunnels, Syvertson outlined the aerodynamic limits for some aircraft
that NASA still hopes to build—a hypersonic skip glider, direct
flight-to-orbit aircraft, and hypersonic transports. For the North
American B-70 bomber, he defined the high-lift configuration later
incorporated in other supersonic transport designs. Syvertson also
managed the design and construction of the first lifting body, the M2-
F2, a prototype wingless spacecraft that could fly back from orbit and
land at airfields on Earth. A successful series of flight tests in 1964
with the M2-F2 guided the configuration of the Space Shuttle orbiter.

In 1964 Syvertson led the NASA mission analysis division, based
at Ames, which charted dramatic ways to explore the outer planets.
In 1966 he succeeded Harvey Allen as director of astronautics, then
in 1969 became deputy director of Ames. Syvertson was awarded
NASA’s Exceptional Service Medal in 1971 for serving as executive
director of joint policy study by NASA and the Department of
Transportation on civil aviation research policy that made key
recommendations on civil aviation and helped move Ames into air
traffic issues.

As Mark’s deputy, Syvertson was the inside man. He managed
the internal reconfiguration of Ames so that Mark could focus on its
future and on its relations with Washington. He managed renovation
of the main auditorium so that the Ames community had a better
setting for lectures. Syvertson was known as a consensus-builder—
able to step in, forge compromise, and resolve the conflict that Mark
encouraged, be it policy battles with headquarters or argumentation
internally. When Mark decided to leave Ames in July 1977, NASA
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headquarters advertised the job of Ames director. In April 1978,
the “acting” was removed from Syvertson’s title and he was made
director because of the superb, quiet job he had done. Plus, many
people noted, Ames could not survive another Mark.

Ames grew more slowly during Syvertsons’ tenure, and the
pace of contracting out support services accelerated. But Syvertson
broke ground for some important new facilities at Ames—Ilike the
crew-vehicle systems research facility and the numerical aerospace
simulation facility—and extended its collaboration in new areas.
Syvertson accelerated Ames’ outreach efforts, especially to pre-
college students. The teacher resource center, for example, archived
slides, videos and other media that science educators could borrow to
improve their classes. Class tours grew more frequent, so Syvertson
helped form a hands-on teaching museum, which opened in October
1991 as the Ames Aerospace Encounter built in the old 6 by 6 foot
wind tunnel.

Perhaps the biggest challenge to Syvertson and Ames
management came in 1981 with Ames’ consolidation of the Dryden
Flight Research Center. Soon after headquarters had sent Ames’
aircraft to Rogers Dry Lake in 1959, Ames started adding aircraft
back to its fleet at Moffett Field—first helicopters and VTOL aircraft,
then airborne science platforms. When the Reagan administration
demanded that NASA cut its staff by 850, acting administrator A.
M. Lovelace responded with a plan to make Wallops Flight Center
an administrative unit of Goddard and Dryden an “operational
element and component installation” of Ames.®> The merger, effective
October 1981, formalized an already strong relationship. Ames
aerodynamicists already performed most of their test flights at
Dryden; and most of Dryden flight test projects originated at Ames.
Both of the Ames-based tilt rotor aircraft had been flying at Dryden,
and Ames willingly transferred more research aircraft there with its
staff ultimately in charge.

Louis Brennwald implemented this consolidation, as Ames
director of administration, with consolidation planning led by
Jack Boyd, then Ames’ associate director and a deputy director at
Dryden from 1979 to 1980. Both aeronautics and flight systems
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directorates were reorganized, without requiring reductions in
force or involuntary transfers. Consolidation meant that Dryden
administered flight operations locally, where it was ostensibly
cheaper and safer, and Ames provided technical leadership and
policy guidance. NASA Ames researchers had done much of the
basic research on the reentry and landing systems for the Space
Shuttle orbiter and their insights would help as Dryden (which had
little experience in spaceflight) was prepared as the landing site for
the early shuttle flights.

The renamed Ames-Dryden Flight Research Facility sat on the
edge of Rogers Dry Lake, a vast, hard-packed lakebed near the town
of Muroc in the Mojave desert of southern California. Its remote
location, good flying weather, exceptional visibility, and 65 square
mile landing area all made it a superb test site. Edwards AFB managed
the entire lakebed, and NASA’s Western Aeronautical Test Range
provided the tracking and telemetry systems to support research.
The Ames-Dryden Facility also ran the world’s best laboratory for
remotely piloted flight, and its flight loads research facility allowed
ground-based structural and thermal tests of aircraft, as well as
calibration of test equipment. With better access to Dryden facilities,
Ames researchers more efficiently moved innovative designs
from concept to flight. To move from concept to flight, Ames had
computational power for aerodynamic design and optimization,
wind tunnels for measuring loads and fine-tuning configurations,
simulators to study handling qualities, and shops to build the proof-
of-concept vehicles. The best examples of Ames’ abilities to move
ideas in to flight quickly and cheaply were the AD-1 oblique wing
aircraft, the HIMAT remotely piloted high-G research vehicle, and
the F-8 digital fly-by-wire program.

Eventually, Ames itself had to address the Reagan administration’s
demand for staff cuts. In 1983 a program review committee led by
deputy director Angelo “Gus” Guastaferro decided to cut back on
new space projects to support existing ones, and to mothball several
research facilities—like the 14 foot tunnel, the 3.5 foot hypersonic
tunnel, the transportation cab simulator, and the vertical acceleration
and roll device. Yet Ames continued to pursue the same broad areas
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it had staked out as unassailable in the early 1970s. Aeronautical
research focused on testing methods, safety studies, and slow-
speed technologies and VTOL aircraft. Space research focused on
thermal protection and spacecraft configurations, adding infrared
astronomy and airborne sciences, as well as extending the Pioneer
efforts into probes of planetary environments. All Ames research
efforts were infused with its ability to build unique laboratory
tools—wind tunnels, test models, and motion and work simulators.
Supercomputing permeated everything so that computer codes
seemed to replace the scientific theory that had earlier guided so
much of what Ames did. By Syvertson’s retirement in January 1984,
Ames had bolstered its prominence within NASA and among wider
research communities.

WILLIAM F. BALLHAUS, JR.

The inculcation of supercomputing into everything Ames did
accelerated when Bill Ballhaus, a leader in computational fluid
dynamics (CFD), became Ames’ next director. By 1984, Sy Syvertson
had directed Ames for six years, and the Center had flourished under
his guidance. But the death of some close friends on the Ames staff,
a series of heart problems, and the tragedy and inquiry following an
accident in the 80 by 120 foot wind tunnel, all caused him to think
it was time for younger leadership. He encouraged headquarters to
look at Bill Ballhaus, who at a young age had already distinguished
himself as a leader.

Ballhaus received his B.S., M.S. and Ph.D. degrees from the
University of California at Berkeley in mechanical engineering,
studying with CFD pioneer Maurice Holt. His father was a senior vice
president for Northrop Aerodynamics and Missiles in Los Angeles,
and introduced him to the emergent importance of computing in
aerospace. Ballhaus served in the U.S. Army Reserve from 1968 to
1976, earning the rank of captain. He arrived at Ames in 1971 as a
civil service engineer with the U.S. Army Air Mobility Research and
Development Laboratory. When Ames decided to form an applied
computational aerodynamics branch, the Army staff was delighted
to let Ballhaus become a NASA employee as branch chief. It proved
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how close a working relationship had developed between the Army
and Ames. After less than a year as a branch chief, and without having
served as a division chief, in 1980 Ballhaus became Ames’ director
of astronautics, succeeding the legendary Dean Chapman. CFD
underwent explosive growth in the 1970s, and Ballhaus honed his
leadership skills through almost constant recruitment. Along with
his younger colleagues in the field—Paul Kutler and Ron Bailey—
Ballhaus kept abreast of work done in industry and academia,
learned to quickly size up whether a researcher wanted time to do
basic research or the excitement of engineering application, and
teamed them with the best colleagues.

Jack Boyd met with him a few days before Christmas 1983, and
said NASA administrator James Beggs wanted Ballhaus to write a
brief strategic plan for the Center. Without ever referring again to
that plan, Beggs named Ballhaus director of Ames in January 1984.
Ballhaus’ first memory of the Center, as a graduate student on a tour,
had been of the wonderful research facilities. As director, Ballhaus
helped bring about several new facilities that were key to its research
future, like the numerical aerospace simulation facility and the
national full-scale aerodynamics complex. He secured funding for
the human performance research laboratory and the automation
sciences research facility, and for the integrated test facility at Ames-
Dryden. Ames’ budget grew by fifty percent during his tenure,
including $300 million for renovation of facilities.

Ballhaus initiated Ames’ first comprehensive strategic planning
exercise, published in March 1988, that suggested information
technology could inject new life into every research area at Ames. And
Ballhaus was skilled in reading headquarters, helping Ames people
sell their research efforts by describing their ultimate contributions
to the International Space Station. Funding for Station-oriented
projects was then relatively easy to secure, and the Ames budget
grew quickly in the late 1980s. John Billingham, as chief of the Ames
life sciences division in the 1980s, broadened its purview into all
dimensions of the study of life in the universe. Billingham advocated
an integrative vision for the space life sciences, encompassing
exobiology, gravitational biology, biomedical research, ecosystem
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science and technology; life science flight experiments, and advanced
life support systems. During Ballhaus’ tenure the Ames life sciences
effort increasingly set the agenda for space biology.

Four years into his directorship, in February 1988, Ballhaus
was called to Washington to serve fourteen months as acting
associate administrator for NASA’s Office of Aeronautics and
Space Technology. This made him responsible for the institutional
management of the Ames, Langley, and Lewis Research Centers.
Once NASA named a permanent associate administrator of OAST,
Ballhaus returned as Ames director, but stayed less than six months;
in July 1989 he officially resigned. He insisted the press release about
his resignation cite “inadequate compensation for senior federal
executives and vague new post-government regulations as factors in
his decision”® This referred to a 1989 ethics law that barred federal
contractors from hiring federal employees who had supervised their
competitors’ projects. Ballhaus was one of several NASA officials
to leave the agency in the week before the new law took effect,
prompting the newly appointed NASA administrator Richard Truly
to call a press conference to decry the law as “a crying shame.”

Throughout his tenure as Ames director, Ballhaus amplified a
concern expressed by all previous directors—that Ames needed the
freedom to hire the best people. Back in October 1961, when vice
president Lyndon Johnson asked Smith DeFrance what he could
do to help Ames, DeFrance asked for freedom from civil service
hiring ceilings. The ceilings remained an issue, and Ames was never
so constrained by funds or resources as it was by civil servants to
manage them. By the 1980s, Ames still suffered under the ceilings,
but now lacked the freedom to pay potential hires competitive wages.
Ballhaus fought to secure special salary rates that applied to half
of the Ames workforce, he got limited approval to match industry
salary offers, and approval to test a more flexible compensation
and promotion plan. He led his staff in improving the quality of life
around Ames—opening a child care center, working more closely
with the local union of the National Federation of Federal Employees,
getting everyone involved in a regular strategic planning process, and
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encouraging diversity so that Ames was awarded the NASA trophy
for equal employment opportunity in both 1984 and 1989. Statutes
limited what he could do with executive pay, however, and when
Congress defeated the Reagan administration proposal for a pay raise
many in Ames’ senior executive service left prematurely. “I would
have preferred a more graceful exit,” Ballhaus wrote to announce
his departure. “The Center’s success in the future will depend upon
our ability to continue to recruit and retain the high-quality people
that Ames is noted for. In leaving, it is the close association with the
outstanding people who make up this Center that I will miss most.”®
From there Ballhaus joined the Martin Marietta astronautics group
in Denver as vice president of research and development, then rose
steadily up the ranks of Lockheed Martin Corporation, and retired
in 2007 as president of the Aerospace Corporation. In retirement he
joined the NASA Advisory Committee and proved a steady voice for
the “seed corn” investment in basic research that had made NASA so
great in its earlier years.

DALE L. COMPTON

Dale Compton, who had served as acting director when Ballhaus
moved to Washington, replaced him as Ames director. Compton, too,
was a product of Ames. He came to the Center fresh out of Stanford
University with a master’s degree in 1958, one of the first students
taught by former Ames aerodynamicist Walter Vincenti. He returned
to receive his Ph.D in 1969. Compton worked as an aeronautical
engineer with a penchant for participating on project teams—as an
aerothermodynamicist for ballistic missiles and NASA’s Mercury,
Gemini and Apollo human space programs, and as manager of the
infrared astronomical satellite program (IRAS). In the mid-1970s, he
reinvented himself in space science. He entered management ranks
in 1972 as deputy director of astronautics, became chief of the space
sciences division, then director of engineering and computer systems,
and was named Ballhaus’ deputy in 1985. Compton was officially
named director on 20 December 1989—at his request to honor
Ames’ past—at ceremonies marking Ames’ fiftieth anniversary.
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Victor L. Peterson joined Compton as deputy director in 1990.
Peterson, too, was a product of Ames. He had joined Ames in 1956
upon graduating from Oregon State University, and distinguished
himself through research in aerodynamics, high-temperature gas
physics and flight mechanics. He was known internationally as an
advocate of large scale computing across all scientific disciplines,
especially in computational fluid dynamics.

Compton, like Ballhaus before him and Syvertson before
him, understood how Ames nourished innovation and personal
reinvention. Each had grown his own career at Ames, and each knew
how to let those under his direction shift and blossom. And NASA
headquarters provided new opportunities and resources for myriad
Ames researchers to flourish as the first Bush administration looked
to space adventures—following the end of the Cold War in 1989—to
once again display America’s technological prowess.

In April 1989, early in his term as president, George Bush
appointed Admiral Richard H. Truly—a former Shuttle astronaut
and the person most responsible for restoring the Shuttle to viability
after the Challenger accident—as the new NASA administrator.
Then, on 20 July 1989, the 20th anniversary of the Apollo 11 lunar
landing, Bush made a Kennedy-esque announcement dubbed the
Space Exploration Initiative, about America’s commitment to return
to the Moon “this time to stay, for a human mission to Mars, and
for the expanded internationalization of the Space Station Freedom.
These long-term, complex space projects made good use of the basic
research done at Ames in microgravity, robotics, and planetary
science, and Ames’ budget grew apace modestly into the early 1990s.

Yet Compton was seen by some around Ames as too conservative
in his vision—as a “tunnel hugger”—one who thought Ames’
standing within NASA depended on the immovability of the wind
tunnel infrastructure around Ames. Compton had seen the more
project-oriented NASA Centers go through booms and busts as
Congress approved and disapproved major projects and thought
Ames—fundamentally a basic research organization—would be
especially disrupted by such cycles. He had doubts about what
sort of institutional follow-on would come from any of the projects
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emanating from Ames’ space scientists, and he understood that if
the Jet Propulsion Laboratory needed work that NASA headquarters
would send Ames-originated space projects there to be managed. He
had fought hard for SIRTF (the space infrared telescope facility), the
Mars Observer, and the Magellan Venus all initiated at Ames, but lost
to JPL. Moreover, the various wind tunnel and simulator restoration
projects added $300 million to Ames’ budget in the late 1980s, so
Compton made sure these efforts were managed well.

Beginning in the late 1980s and continuing through the mid-
1990s, NASA headquarters put Ames through a series of roles and
mission exercises. The goal, ultimately, was to make all NASA Center
directors more agile in modifying their Centers’ expertise to support
changing national needs. While the strategic plans emerging from
these exercises always reiterated Ames’ interest in aeronautical
research, the plans seemed a bit empty. A great many people at Ames,
especially those in life sciences and information technology, began
to wonder how they fitted into that picture of Ames. Into the 1990s,
Ames began to directly address the relationship between its future
and its past.

Ames underwent more profound change in the mid-1990s than
in any period since the end of the Apollo era and the arrival of Hans
Mark. With the demise of the Soviet threat and shrinkage in federal
research spending, Ames people once again had to face the rumors
that their Center might be shut down. “Ames has never had a secure
place in this agency,” Compton reflected. “All directors have tried to
secure a place; some have succeeded, some not. My years as director
were not easy.”

Like NASA as a whole, Ames was swept up in changes imposed by
headquarters: downsizing, quality reengineering, program shifting,
and outsourcing. However, Ames people took this dark period as
an opportunity for self-discovery—of asking what was unique about
Ames’ historic strengths in science and engineering. They focused
on expansive new missions in astrobiology and intelligent systems,
and cleared away inherited structures to get at the essence of their
work. By the end of the decade, as NASA as a whole reconfigured
itself to shape America’s aerospace future, the Ames approach—its
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cultural climate, managerial empowerment, collaborative spirit, and
fundamental scientific curiosity—increasingly stood as the model
for what NASA as a whole wanted to become.

THE GOLDIN AGE

Three years into the Bush administration, Congress insisted more
firmly that all federal laboratories, especially those in the departments
of energy and defense, rethink their roles for the political realities
of the post-Cold War era. Compared with the rest of NASA, Ames
had lost little as Congress started cutting defense funds. Ames had
already planned to mothball non-essential tunnels and simulators.
Half of Ames’ remaining tunnel time went to test military aircraft,
though civil projects stood in line to buy any time freed up from
the cancellation of military tests. What military work that remained
at Ames went toward technologies—like helicopters and navigation
systems—needed to fight the now-expected strategic scenario of
many smaller conflicts on many fronts. In fact, the decades of quiet
collaboration between Ames and the Soviets in life sciences through
the Cosmos-Bion series of biosatellites was a key resource for the
rest of NASA as it pursued a wider array of cooperative projects with
the Russian space agency, especially surrounding the international
space station.

NASA headquarters, however, showed no inclination to squeeze
out a peace dividend from the NASA budget. Concepts for a Moon
colony and a human mission to Mars were abandoned slowly with
the realization that the technology was too premature to do either
safely or cheaply. Congress grew impatient as NASA let the space
station, the key cooperative project, soak up any funding liberated
from NASA’s defense-oriented projects. In March 1992 George Bush
made a surprise announcement—that he had nominated Daniel
Goldin to replace Richard Truly, whom he had asked to resign as
NASA administrator.

Goldin was a vice president and general manager of the TRW Inc.
space and technology group in Manhattan Beach, California, which
specialized in commercial, early-warning and spy satellites. During
Goldin’s five year tenure in that group, TRW had built thirteen such
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spacecraft—for the Tracking and Data Relay satellite network, the
Air Force Defense Support program, and the Brilliant Pebbles and
Brilliant Eyes projects of the Strategic Defense Initiative Office. For
NASA, TRW had built the Compton Gamma Ray Observatory,
and parts of the Advanced X-ray Astrophysics Facility. TRW won
NASA’s 1990 Goddard Award for Quality and Productivity and was a
finalist for the George M. Low Trophy for quality. Those who bought
spacecraft from TRW knew Goldin as a capable manager. Those in
space policy knew nothing about him.

Goldin’s early pronouncements showed him supportive of
a smaller space station, a human landing on Mars, and reliable
operation of the Shuttle. But mostly, he talked about applying an
industrial perspective to shake up NASA. “He’s a faster, cheaper,
better kind of guy,” said a Bush administration official. “He’s obviously
outside the NASA culture”"

“My challenge, Goldin proclaimed in his first address to
NASA employees, “is to convince you that you can do more, do it
a little better, do it for less, if we use more innovative management
techniques and if we fully utilize the individual capabilities of each
and every NASA employee” Goldin also voiced, Ames people noted,
distaste for how he perceived NASA’s recent work in aeronautics:
“We have to perform world class aeronautics research. Not leave it
on the back-burners, not enjoy all the fun we’re having writing TRs
and TNs [technical reports and technical notes], but what we have
is an obligation for America. The American aeronautics industry is
counting on us and let’s ask ourselves, have we really lived up to the
expectations of American aeronautics?”'' He was obviously a man of
energy, different views and, Ames people soon discovered, of strong
personality.

Not the passage of time, nor the eventual respect for Goldin’s
leadership—nothing softens the horror when Ames people tell the
story of Goldin’s first visitto Ames. Thereis no videotape that recorded
what actually happened, so stories are told. Articles criticizing
Goldin’s intentions had just appeared in Bay Area newspapers and
Goldin, one Ames manager remarked, “seem to show up loaded
for bear”'* Rather than listen to welcoming speeches, he counted
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the number of women and minorities in a photograph of Ames
executives, remarking on how few he found. Goldin challenged those
he happened upon to defend their programs. People hid their name
badges. In a meeting in the director’s conference room, Goldin sent
to the perimeter all those sitting around the table—mostly senior
white males—and asked those sitting in perimeter chairs to take their
place. Then Goldin heckled director Dale Compton as he reviewed
Ames’ strengths and goals, until Compton walked silently from the
room, halfway through his presentation, to compose himself. Only
then did Goldin’s wrath subside.

Goldin himself has turned philosophical about how NASA people
reacted to the force of his personality. One of his first decisions as
administrator, for example, was to return NASA to the round blue
“meatball” logo of its glory days. Individuals at Ames quickly started
removing “worm” logos (the red, linked letters introduced in the
1970s), because they saw how Goldin reacted when he saw it. Goldin
denied that finally burying the NASA worm logo was some personal
obsession, “but if people think it is and it helps to stimulate positive
change, I'm all for it”*® Goldin’s visit, in fact, foreshadowed that he
really would push for a diverse workplace, for opening up the NASA
facilities to scientists outside the usual groups, for imposing total
quality management, and for tightening the NASA organization. But
clearly, there was more than that to his displeasure with Ames.

NASA headquarters sent a surprise security review team
that descended upon Ames on the evening of 31 July 1992. They
sealed buildings, changed locks, searched file cabinets, took
computers, interrogated more than a hundred scientists, and sent
ten researchers home on administrative leave. Only Compton was
told, the day before, who they were, what they were looking for, and
what prompted the raid. The team pointedly asked everyone about
“management’s judgment” on technology transfer matters.'* Rumors
circulated that they targeted scientists of Asian descent, especially
those in the aerophysics directorate. In the end, the team discovered
nothing illegal, and Ames altered some minor security procedures.
But some good people decided to quit, and the Center was left with
deepened concerns about the attitudes toward Ames that prevailed
in NASA headquarters.
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Whenever Goldin talked of Ames he used the word “revitalize,’
which Ames people considered better than “shut down” During the
summer of 1992, as Bill Clinton made gains in the polls, Ames people
thought a change in administration might remove Dan Goldin from
their list of worries. But Albert Gore, as senator from Tennessee,
chaired the committee that oversaw NASA matters and liked what
he saw in Goldin. When Gore became vice president, he asked
Goldin to stay on as administrator.

MOFFETT FIELD AND CULTURAL CLIMATE

Compton won the next round of tensions between Goldin and
Ames—over the reconfiguration of Moffett Field. The Navy had
managed Moffett Field since 1931—except from October 1935
(following the crash of the dirigible Macon) to April 1942 when the
Army Air Corps ran it. In the 1950s, the Navy based supersonic
fighters there until the community objected to the noise. In 1962,
propeller-driven P-3 Orions arrived on base to fly patrols over the
Pacific in search of Soviet submarines. With the collapse of the
Soviet Union in 1990, the Navy said it no longer needed Moffett
Field. The Base Realignment and Closure Commission (BRAC), an
independent board reporting to Congress, agreed.

The Bay Area congressional delegation, led by Norman Mineta,
a San Jose Democrat who chaired the Congressional Space Caucus,
stepped into the fray. They convinced the BRAC that, even if the
Navy left, Moffett should remain a federal airfield. Efforts in 1990
to declare fifty acres at Moffett as protected wetlands, and to chart
the presence of protected species like the burrowing owl, least tern,
and peregrine falcon limited other developments at the field. In the
October 1991 recommendations approved by Congress and the
president, the BRAC said that NASA, as the next biggest resident
agency, should become Moffett’s custodian. The Navy had subsidized
Moffett operations at $6 million per year, a cost NASA then would
have to include in its budget unless it found other ways to generate
revenues from field operations. NASA administrator Richard Truly
understood the opportunities for Ames. Goldin inherited a decision,
however, that was not initially in line with his change agenda. NASA
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headquarters was already planning to further trim Ames’ flight
operations. Furthermore, if Congress ever imposed a BRAC-type
process on NASA, headquarters might want nothing to get in its way
of shutting down Ames. Compton and his executive staff understood
this, marshalled the substantial goodwill toward Ames from its local
community, and wrested control of the property on which Ames sat.
Not until December 1992, in a subdued signing ceremony at Ames,
did Goldin concede that NASA would step up as custodian agency
when the Navy officially decommissioned its station in July 1994. It
would be four years after that, though, before NASA Ames could
move forward with any plans for redeveloping the base.

“Over the past five years in my prior job, I've become a true
believer in the value of total quality management,” said Goldin. “I
believe deeply that if you can’'t measure it you can’t manage it, and
intend to bring this philosophy to NASA."> Throughout the 1970s,
headquarters had asked Amesto undertake consultant-drivenreviews
and exercises—like quality circles—to make itself more efficient, and
it was entirely Goldin’s prerogative to impose this latest fashion in
organizational improvement. But total quality management (TQM)
was confusing. It demanded a focus on the “customer, which in
Ames’ case proved nebulous. “The space program doesn’t belong to
us,” Goldin would say. “It belongs to the American people. They are
our customers.”'® Lots of NASA people did not find that definition
specific enough to clarify how they would use all the statistics and
acronyms TQM demanded. But Ames people tried.

Compton called an all-hands meeting in July 1992 on the Ames
flightline to say Ameswould startimplementing TQM beginning with
a year of education and training. Meanwhile a quality improvement
team, chaired by Jana Coleman and Robert Rosen and working
with continuous-improvement consultants Philip C. Crosby, Inc.,
wrote a report on the whole TQM process. In April 1993, Ames
posted everywhere its carefully worded quality statement. Ames’
management council approved the report in February 1993, and
set about forming process action teams to reduce the costs of non-
conformance. Throughout the Center, teams defined their customers,
used flow charting and process measurements, tore apart then
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rebuilt all their procedures, and began to report savings in costs and
time. For example, in late 1993, the Unitary 11 foot transonic tunnel
applied a TQM approach to runs for the Navy’s A/F-X competition by
four contractor teams. By reviewing their procedures and listening to
their customers, the tunnel group doubled the expected number of
successful runs. Ames announced a $2 million investment in process
infrastructure—like electronic forms and purchasing, computer
peripherals, and a charge-back system for technical support—that
helped all teams improve their processes. Ames made good progress,
even though the Crosby literature trumpeted that continuous
improvement is a cultural process that takes five to seven years to
change—"so don’t let impatience cloud your view of progress”
Ames undertook the Malcolm Baldridge Self-Assessment in the fall
of 1993—less than eighteen months after starting TQM—because
of a Clinton administration initiative to reinvent government. The
survey showed that, even though Ames people thought their work
was very high quality, they knew little about Ames’ formal quality
process. Ames lagged well behind all other organizations actively
implementing TQM.® Ames management, presumably, had not
become true believers in TQM.

Another cultural review further widened the chasm between
Ames management and NASA headquarters. In July 1992, Ames was
visited by a NASA-wide cultural climate and practices review team,
led by General Elmer T. Brooks, deputy associate administrator for
agency programs. The team gave Ames a glowing report, calling it
“the best” of all NASA Centers. Ames employed higher percentages
of underrepresented groups than any other NASA Center; the Ames
Multi-Cultural Leadership Council was a model for other Centers;
participation was strong in the Equal Opportunity Advisory
Groups—African America, Asian American and Pacific Islander,
Disabled, Hispanic, Women and Native American; Ames won
NASA’s Equal Opportunity Trophy in three of the past nine years;
and Ames’ entire work force felt challenged and satisfied.

However, there were problem areas. The percentage of minorities
employed was lower than in the culturally diverse Bay Area as a
whole. Blacks were especially underrepresented, suggesting Ames
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had failed to reach into the local community. Ames tended to
hire experienced researchers rather than those fresh out of co-op
programs. Any mentoring was too informal, and career development
was haphazard. Higher wages in local industry made it tough for
Ames to retain the leaders it did develop. Of forty top managers,
only one was a woman and only two were minority males. Minorities
and women perceived the senior executive service as a white male
preserve. In fact, the Brooks team declared that all problems were
caused by upper management. Despite being the best in NASA in
affirmative action, the Brooks team reported, “everyone is looking to
the Center director for proactive leadership.”*’

Then, in October 1993, Congress pulled funding for the SETI
program (the search for extraterrestrial intelligence), which Ames
had nurtured for two decades and had stirred up real scientific
excitement around NASA. Some Ames staff felt that Goldin failed
to stand up to congressional doubts, and sacrificed SETI to secure
funding for the space station and for programs at other Centers.
Goldin later said that NASA would focus instead on the far more
promising search for dumb, organic life in the universe by developing
the discipline of astrobiology. Eight civil servants and fifty contractor
staff were affected by the $12 million cut. As other Ames projects
were cut, and as Ames prepared for many years of flat or declining
budgets, Ames opened a career-transition office to move its work
force into a booming Silicon Valley economy hungry for such
technical skills.

Compton and Peterson increasingly felt that, as the lightning rods
for some unarticulated displeasure from NASA headquarters, the
best thing they could do for their Center was to retire. In November
1993, both Compton and Peterson retired—after 36 and 35 years of
government service, respectively. In declining to speculate on what
his successor might consider Ames’ major goals and challenges,
Compton replied: “The long term goals of this Center have survived
many directors”*
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KEN K. MUNECHIKA

In January 1994 Ken K. Munechika became director of Ames,
recommended to Goldin by Senator Daniel Inouye of Hawaii.
Munechikawasraisedin Hawaiiand earned adoctoratein educational
administration from the University of Southern California. He had a
distinguished career in the U.S. Air Force. He started as a navigator,
flew 200 combat missions in Southeast Asia, moved into training
as a professor of aerospace studies, then served as chief of satellite
operations to recover space capsules deorbited from space. In July
1981 he moved to Sunnyvale to command the Air Force Satellite
Control Facility (later renamed Onizuka Air Force Station), where
he directed contractor teams in launch operations of more than fifty
defense satellites, and all the defense payloads launched by NASA’s
Space Shuttle. He was also responsible for planning and budgeting
a global network of satellite tracking stations. He retired from the
Air Force in June 1989 to become executive director of the office of
space industry for the state of Hawaii (where he returned after being
reassigned from Ames).

Munechika asked William E. Dean to serve as his deputy director.
Dean, too, was a newcomer to Ames, having arrived in August 1991
as special assistant for institutional management. Prior to that, Dean
served as president of Acurex Corporation of Mountain View, a
privately held supplier of control and electronics equipment. Before
then, from 1962 to 1981, Dean worked for Rockwell International,
serving as group vice president responsible for the Global Positioning
Satellite and for the operational phase of NASA’s Space Shuttle
program. Compton had hired Dean to infuse business-like thinking
into Ames, and Munechika asked him to stay on.

Though he had spent his entire career managing the highest
technology in the Air Force arsenal, Munechika was the first to admit
he was no scientist. His first priority was addressing the lingering
factionalism from the Cultural Climate and Practices Plan. “Since
aeronautics and space are for everybody,” Munechika wrote, “I want
Ames to look like America and the community we represent....Ames
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must have a work environment where everyone feels empowered,
included, valued, and respected.””! Jana Coleman was named to lead
the newly created Center operations directorate, the first woman to
head a directorate at Ames. Ames people addressed their diversity
with seriousness.

Ames people also put more vigor into their outreach efforts.
Every summer for two weeks thousands of students gathered for
the JASON project to explore, through telepresence, the scientific
mysteries of our Earth. Ames formed a docent corps to staff the Ames
Aerospace Encounter, the Ames visitor center, and the Ames teacher
resource center. NASA distributed internet kits to area schools, when
the internet was still largely unknown, and engineers volunteered to
share with students the excitement of their work. Ames expanded its
relationship with the National Hispanic University (the relationship
began early in 1993 with a space sciences program and would
culminate in an historic collaborative agreement in October 1997).
Interns and research fellows came from a wider variety of schools.
Space Camp California opened just outside Ames’ main gate.

With Munechika to introduce them, headquarters staff showed
up more regularly at Ames, praising its revitalization efforts. Many
of the significant events and program activities that would follow—
like the Zero Base Review, the information technology Center of
Excellence, the astrobiology institute, Lunar Prospector, the SOFIA
restart, and the absorption of Moffett Naval Air Station—were all
started in a fairly short period of time after Munechika became
director. Yet bolstered morale and coalescence of support from the
external community only served to brace Ames people for program
adjustments and structural changes still to come. The darkening
funding picture and Goldin’s agenda for change set the challenges
for Munechika’s leadership. The same day Goldin announced
Munechika’s appointment, he also announced the appointment of
three other Center directors (two of whom, like Munechika, would
be gone within three years).

He further announced that the Dryden Flight Research Center
would again become an independent field Center. Managing Dryden
from afar had not resulted in any significant cost savings. In December
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1990 NASA headquarters appointed long-time Dryden researcher
Kenneth Szalai to the position of director of the Ames-Dryden Flight
Research Facility. Marty Knutson, who had managed the facility for
five years and guided Szalai’s development as a manager, returned
home to Ames. Goldin visited Dryden in September 1992 and
announced that “the right stuff” still lived there and, indeed, Szalai
proved adept at bringing new projects to Dryden—from industry
as well as from other NASA Centers. By March 1994, after thirteen
years of leadership from Ames, Dryden again became an independent
NASA Center. In a note to Ames employees, Szalai wrote “Many
professional associations and friendships were developed and I
intend to work hard to sustain these....Please consider Dryden as
your flight research center, too””> Ames management expected that,
as Dryden asserted itself in NASA planning, that programs and
people would be shifted there from Ames.

Headquarters let Ames staff know that Moffett Field was their
burden to bear. Countless details were ironed out in advance
of the transfer, all coordinated by Michael Falarski and Annette
Rodrigues of the NASA-Moftfett Field development project. Change
appeared gradually—access rules were rewritten, security guards
wore different uniforms, the Navy’s P-3 Orions left, the Navy began
environmental remediation, and historic preservationists surveyed
the architecture. In 1993, NASA also took control of the small naval
airfield at Crows Landing in Stanislaus County—which Navy pilots
had used for P-3 training flights and which NASA would use for low-
speed flight research. The Onizuka Air Force Station took over the
military housing that Navy families vacated. On 1 July 1994, while
a Navy blimp and a P-3 Orion flew overhead, a 21 gun salute and
taps sounded as Navy officers lowered their flags. “From Lighter
than Air, to Faster than Sound, to Outer Space:” that’s how the Navy
commander described the changes seen at the Naval Air Station
Mofftett Field.

NASA renamed it Moffett Federal Airfield to reflect the
organizational flexibility it now had to serve a wider array of tenants
and customers—the Naval Air Reserve of Santa Clara, the Army
Reserve, the California Air National Guard, other governmental
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agencies like the Post Office and the Federal Emergency
Management Agency, and private firms executing government
contracts. Then Ames people started planning to make something
exciting from this opportunity.

Ames started by assessing community needs, in the adjacent cities
of Mountain View and Sunnyvale and in Silicon Valley region-wide.
San Jose International Airport was congested, with any expansion
limited by its proximity to the downtown and its location amid
residential neighborhoods. Moffett Field offered a superb airfield—
twin runways, 9,200 feet and 8,900 feet long, ample tarmacs, three
very large hangars, aircraft fuel and wash facilities, and more than
seventy structures for aircraft operations. It had 24 hour crash and
rescue service, sixteen hour air traffic control, instrument landing,
world-class communication links, and easy access to Highway 101.
What it lacked was air traffic, so Ames facility managers suggested
using the airfield for business and freight flights. The San Jose airport
could no longer fit in jumbo jets ferrying electronics back and forth
from Asia. Furthermore, Bill Dean, Ames’ deputy director and the
person most responsible for base planning, thought that Ames
should keep the airfield as the Navy left it. Like so many others, he
thought that some day soon Russian submarines would again patrol
the Pacific and the Navy would return its P-3 Orions. Converting
Mofftett Field into an air cargo base, as he proposed, best kept it in
mobilization shape.

But local residents had gotten used to quiet (though the P-3 and
C-130 flights were never very noisy). Rather than decide themselves,
the Mountain View and Sunnyvale city councils asked for a non-
binding vote on the plan to make Moffett Field a freight airport.
Voters advised against the plan, Munechika respected the vote, and
Ames was left to devise another plan while shouldering the costs of
running the base. Losing the momentum behind the Moffett Field
plan was a loss, though far greater losses to the Center came in the
wake of NASA’s Zero Base Review.
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ZERO BASE REVIEW

Goldin arrived at NASA proclaiming that NASA was bloated.
He imposed a new type of discipline to NASA’s budget process and,
in time for the fiscal 1994 appropriations, submitted a budget that
reduced NASA’s five-year budget by $15 billion. Two years later, by
cancelling programs and redesigning the International Space Station,
he voluntarilly reduced NASA’s long-range budget by thirty percent.
He called this process “a fiscal declaration of independence from
the old way of doing business.” But by 1995 Congress asked NASA
to cut an additional $5 billion from its $14 billion budget, starting
in 1997. Goldin realized that the loss of more research programs
would jeopardize NASA’s leadership in aerospace. So in response to
the Clinton administration’s call for a national performance review,
instead of cutting programs Goldin tried to streamline NASA’s
infrastructure through a Zero Base Review (ZBR).

Rather than starting with last year’s budget to develop the
next, zero base budgeting meant starting from zero every year,
and asking whether each program was essential to an agency’s
core mission. This was different from the national laboratory
review of 1992, which focused mostly on eliminating duplication
of functions. A headquarters “red team” visited Ames in 1994 and
asked Ames people to ponder the prospect of being shut down.
The preliminary ZBR white paper of April 1995, drafted at NASA
headquarters, translated this vague recommendation into a specific
budget planning document. Nancy Bingham, the Ames manager on
whose desk the faxed ZBR draft landed, called it “inflammatory”*
It presented numbers that dropped Ames’ civil servant cadre from
1,678 to below 1,000 within five years—below the point of viability.
Aerospace facilities would be transferred to Dryden, and the space
station centrifuge project would go to Johnson Space Center. What
remained of Ames could then easily be shunted into a GOCO—a
government owned, contractor operated facility. Ames had in the past
confronted efforts, both real and imagined, to shut it down—in 1969
at the start of Hans Mark’s tenure and during the 1976 reductions in
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force before he left. The draft ZBR white paper made it most clear—
in dollars and headcounts—that if people in Washington wanted to
rebuild NASA from scratch, they would rebuild it without Ames.

To stave off the threat that the entire Center would be shut down,
Ames mobilized support within the community, among California
legislators and Ames’ friends in Washington. Congressman Norm
Mineta protested that the people of Ames “are too valuable to be
left to the underestimation of NASA bureaucrats in Washington”*
With the small amount of time they won, they dove head first into
the challenge of zero-base thinking. NASA headquarters had started
by defining its five strategic enterprises—mission to planet Earth,
aeronautics, human exploration and development of space, space
science, and space technology. They intended to declare each Center
a center of excellence in some area to help all of NASA execute
those missions. Each Center would take on lead-center programs,
and administrative functions would be consolidated agency-wide.
Deciding which Centers should execute a mission and which were
“overlap” got intensely political.

Many at Ames believed their Center did not fare well in the
grab for assignments. Ames lost its leadership in Earth sciences to
Goddard, in biomedical sciences to Johnson, in space technology
to Marshall Space Flight Center, and in planetary sciences to the
Jet Propulsion Laboratory. Significantly, Ames lost its leadership
in aerodynamics and airframes to Langley, and Langley might also
manage Ames’ tunnels and simulators, which were mostly staffed
by contractors but made up sixty percent of Ames’ budget. Ames
faithfully eliminated programs declared redundant, and executed
its plan for 35 percent attrition during 1996: buyouts reduced the
number of civil servants by 300, layoffs almost halved the number of
contractor personnel to 1,400.

Most importantly, Ames finally lost its aircraft to Dryden. In
May 1995, NASA announced that for cost savings every aircraft in
the NASA fleet—operational as well as experimental—would be
consolidated at Dryden.*® Ames had the most to lose. Of the seventy
aircraft in NASA’s fleet, Ames then serviced twelve of the biggest—
three ER-2s, one DC-8, one C-130, one Learjet, one C-141, and five
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helicopters. Moving the airborne science airplanes provoked the
most controversy. Ames management argued that these airborne
laboratoriesrelied oninputfromanactivescientificcommunity simply
not found in California’s high desert, and that they used equipment
made and maintained in Silicon Valley. “This consolidation could
mean the end of valuable environmental programs,” wrote California
congresswoman Anna Eshoo, “I'm also concerned that NASA is
fudging its fiscal homework on the consolidation plan. Its numbers
are incomplete and its economic justifications are questionable’*
The flight operations branch, the first branch ever established at
Ames, was disbanded. Some support staff moved with the aircraft;
some retired, like long-time flight operations chief Martin Knutson
and pilot Gordon Hardy; most took new assignments at Ames. In
November 1997 the last Ames aircraft flew off to Dryden, though
some helicopters remained. A disconcerting quiet hung over the
Ames hangars. Researchers at Ames who dedicated their careers
to improving aircraft and who wanted to see them fly now had to
shuttle south to the desert and back on a commuter airplane.

Amid all these program losses, though, Ames constructed a bold
new strategy. Ames’ active response to the ZBR fell on the shoulders
of a group of mid-career technical leaders—most of whom had hired
into Ames during the 1970s and had honed their advocacy skills in
the strategy and tactics committees called by Bill Ballhaus and Dale
Compton. Despite the mandate of zero-based thinking, they refused
to consider that Ames had utterly no history. They knew the people
on Center, how fluidly they worked together, and how ingeniously
they used the research tools available. Ames management had not
done the best job marketing these capabilities; still they existed.
Coordinating efforts from the Ames headquarters building, Nancy
Bingham, Bill Berry, Mike Marlaire, Scott Hubbard, and George
Kidwell pulled together comments from their colleagues around
Ames, and gradually a strategic response emerged. Ames polished
this story by talking to community leaders, to the Bay Area Economic
Forum, and the local press. Largely because of the Ames response, the
final NASA ZBR white paper of May 1996 showed Ames’ headcount
at 1,300 and that Ames would lead NASA in information technology,
astrobiology, and aviation system safety and capacity.
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The Ames response to the ZBR marked another rebirth. In the
same way that so many scientists and engineers had reinvented
themselves to address new national needs, by the end of the ZBR
exercise the Center had also redefined itself. It coincided with the
arrival of a new director.

HENRY MCDONALD

Harry McDonald remembers that when he first met Dan Goldin,
Goldin said that he “gave Ames one plum assignment—to become
a center of excellence in information science—and that Ames
hadn’t executed it well”” Munechika’s plans for the newly-created
information systems directorate were largely derailed when David
Cooper, the information system director he appointed to replace
Henry Lum, left and many of his staff left with him. Consolidating
all of NASA’s computing and communication systems should have
shown a savings of 1,200 positions agency-wide, but the systems
were still burdened by disorganization and redundancy. More
NASA mission revolved around newer information technologies in
imaging, robotics, data crunching and internetworking, and NASA
people had a hard time finding the expertise they needed. If Ames
expected to grow it had to take a bold stance, especially in serving
NASA’s information needs. Thus charged with implementing Ames’
information technology mission, McDonald arrived as Ames director
in March 1996.

A native of Scotland with a doctorate in engineering from the
University of Glasgow, McDonald had spent the previous five years
as professor and assistant director of computational sciences in the
Applied Research Laboratory at Pennsylvania State University. Before
that, McDonald was president of Scientific Research Associates Inc.,
of Glastonbury, Connecticut, a company he founded in 1976 to do
contract research in computational physics and gas dynamics. The
state of Connecticut awarded McDonald its Small Businessman
of the Year Award for high technology because of a ventilator he
invented and developed. And before that he worked as a research
engineer for British Aerospace and then for United Technologies
where, along with colleagues at Ames, he developed software for

44



Administrative History

linearized block implicit methods for solving compressible flow
equations. McDonald joined Ames on an interpersonnel agreement
that allowed him to keep his university tenure, and he kept a house
in Glastonbury, where his wife had her medical practice.

McDonald was an expert in computational aerodynamics, and
though an outsider to the Center, people around Ames knew and
respected his work. As his deputy director he appointed William E.
Berry, who had built a strong reputation for management in the space
and life sciences at Ames. McDonald also brought in new managers
from the outside—like Robert J. “Jack” Hansen as deputy director of
research. Steven F. Zornetzer, director of life sciences at the Office
of Naval Research, was hired as director of information sciences and
technology, and worked with Kenneth Ford to develop Ames’ center
of excellence in information technology. McDonald also invited back
an old hand as his advisor, Jack Boyd.

Intellectually, McDonald understood the entire range of work
at the Center and could thus represent it effectively outside. He
tempered what many perceived as the traditional arrogance around
“Ames University” McDonald tapped into the desire of Ames
researchers to embrace change, and to reinvent themselves by
applying their skills to new challenges. Most important, McDonald
focused Ames on implementing the strategic opportunities posed by
the Zero Base Review.

The mantra of faster, cheaper, and better fit Ames’ legacy in
spacecraft management, exemplified by the Pioneer series of space
probes launched in the early 1970s. This small spacecraft tradition
combined well with Ames’ ability to craft cooperative arrangements
with private firms and research organizations. Even in broader
programs managed by other NASA Centers, Ames was named leader
of important specific projects—like Lunar Prospector, the X-36
and SOFIA. Ames had established a center for Mars exploration in
1992 which, in May 1998, was reconfigured as a cross-directorate
organization, the Center for Mars Exploration with Anthony Gross
joining Geoffrey Briggs as co-directors. It supported a re-invigorated
headquarters desire for robotic Mars exploration and for inventing
ways to use materials found on Mars to build a settlement. As NASA
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reshaped itself during Goldin’s tenure it looked to Ames and to the
leadership style of McDonald as models.

The history of Ames Research Center is reflected in the projects
it did and the way it organized its scientific and technical expertise.
Ames undertook ISO 9001 certification, at Goldin’s insistence, to
align its tradition of engineering with the international standard for
quality management. In June 1996, Ames’ deputy director Bill Berry
saw how certification benefited work at Great Britain’s closest analog
to Ames, the Defense Evaluation and Research Agency. In January
1996, the leadership of the Ames aeronautical test and simulation
division decided that their efforts at total quality management
would be better channeled into the broader and better-defined ISO
9001 process. Bob Shiner led the effort; teams including every civil
servant and contractor employee wrote the manual detailing their
work processes and methods of quality assurance. This division
passed their ISO certification audit in June 1998, and soon all of
Ames embraced the ISO 9001 process as a chance to demonstrate
categorically the quality they had so long, and often so quietly,
provided to those they served.” In April 1999, after an intense review,
Ames was ISO certified “without condition,” a rare achievement.
“When Ames needs to step up we can show superior management
process,” noted Harry McDonald. “We just don’t want too much
managerial process””

Ames people started seeing Moffett Field as the physical
endowment on which to build the Center of their dreams. Led by
McDonald, Berry and Michael Marlaire, Ames’ director of external
affairs, Ames people began to view Moffett Field not as a problem
to be managed or a collection of historical artifacts from another
era of science and technology to be preserved. Instead, they came
to view the Moffett land as a unique opportunity—as a large, still-
underdeveloped piece of land at the epicenter of the world’s most
dynamic industrial region. “Our Center’s traditional agenda and
structure were becoming fundamentally unstable because of the
change in the world around us,” noted Berry. “Today, no one would
build huge wind tunnels here, on land this expensive, and where labor
costs are so high. Nor would they surround a major research center
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with a fence”®® The San Francisco Bay area was the most prosperous
metropolitan area in the nation; the nation’s third leading exporter
overall, producing more than one fourth of America’s high tech
exports. One fifth of the hundred fastest growing global companies
located there—including most of the leaders in computing,
communications, and biotechnology. For Ames to continue to
flourish, Center leadership realized it must be firmly rooted in that
Silicon Valley community.

Ames held its first open house in September 1997. Thousands
were expected; nearly a quarter million of Ames’ closest friends
streamed in. Ames displayed its latest technology at sites around the
Center, including demonstrations ofa Mars rover and many of its wind
tunnels. “Partnership” unified the 150 exhibits inside the enormous
Hangar One, where local schools, companies, federal agencies, and
community organizations bragged about all they had accomplished
by working with Ames. Over 1,300 Ames ambassadors helped the
crowd, describing the science behind the dazzling displays. “We
all witnessed actions so extraordinary, effused Lynn Harper, who
coordinated the space sciences exhibits, “that we thought we'd burst
with pride®! As David Morse and Donald James, the Ames external
affairs co-chairs who so quickly organized the open house, walked
around to check on things, people applauded.

Morale at Ames had sunk low in the early 1990s— budget cuts
by Congress, the transfer of programs to other Centers, neglect and
scolding from headquarters, and a lack of technical leadership within
Ames. As Ames people caught glimpses of the public interest in the
open house, however, enthusiasm grew. The open house displays
let Ames shed the trappings of its past and embrace its future by
declaring—loudly, visibly, and harmoniously—how it was stepping
up to its missions in information technology, astrobiology, and
aviation capacity and safety. This time Dan Goldin, who had inspired
the event after he met with local leaders six months before, had to
compose himself as he welcomed the throngs so fervently interested
in all Ames had contributed to its community. Ames director Harry
McDonald reflected:
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“September 20, 1997 was a momentous day in the life of
Ames Research Center—a day when we made history and
recast the course of our future. Together, as we transform
this incredible Center, we are reinventing ourselves in
the process. Our workforce has a new sense of pride. A
better, more robust Ames will be our legacy; effecting the
transformation is our reward. Community Day did not
initiate this process. But, as we look back, it will stand
as the most visible signpost on the historic pathway of
change, and the point from which all future progress will
be measured. Collectively, we have changed both the

perception and reality of Ames.>*

In 1998, four years after the closure of Moffett Field as a military
base, Ames signed memoranda of understanding with the cities of
Mountain View and Sunnyvale that allowed planning of the NASA
Research Park (NRP) to move forward. Marlaire and Trish Morrisey
led creation of an award-winning re-use plan to transform part of
the former Naval Air Station into a research and development center
dedicated to serving the nation’s space program. In 2002, a final
environmental impact report was approved, eventually allowing 4.2
million square feet of new construction. NASA Ames could act as its
own master developer.

The Ames portion of the base remained fenced and operated as
before. The airfield remained intact though relatively quiet. In the
old Navy portion of the base—several million square feet of built
space—there would emerge a new complex of research buildings.
The University of California at Santa Cruz and Carnegie Mellon
University needed space for extension education. UC Santa Cruz
also formed a university-affiliated research center to take research
and engineering contracts from Ames, and apply the intellectual
horsepower of the UC system to serve NASA. Ames also brought in
industrial partners—mostly start-up companies helping to transfer
NASA technology—as reimbursable Space Act tenants that paid
Ames fair market rents to fund base operations. NASA Ames was
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also allowed to lease buildings in historic Shenandoah Plaza through
authority granted by the National Historical Preservation Act of 1966.
While any major construction at Moffett Field would still require
substantial financing and political support, small improvements
accumulated quickly.

Goldin resigned in November 2001, ten months into the
administration of George W. Bush, having served three presidents
and as the longest-tenured NASA administrator.® He was succeeded
by Sean O’Keefe, who served until February 2005, and then by
Michael Griffin, who served until January 2009. Both of these
administrators, unlike Goldin, proved largely indifferent to Ames
and moved the agency in directions that scarcely relied on Ames’
traditional strengths. Bush appointed O’Keefe as administrator
expecting NASA to fund the aerospace industry to build new rockets
to replace the space shuttle, a policy Griffin accelerated. Thus, even
lacking Goldin’s initial anger, Ames people considered the tenures of
O’Keefe and Griffin more trying times for their Center.

McDonald retired from NASA Ames in September 2002, soon
after he turned 65. McDonald had crossed swords with O’Keefe in
a personal way he never had with Goldin, and both of them sensed
their working relationship was beyond repair. As a distinguished
professor of computational engineering at the University of
Tennessee in Chattanooga he remained quite active in his research.
McDonald’s deputy, Bill Berry, also retired then went on to lead the
Ames-oriented efforts of the University of California at Santa Cruz.
To succeed McDonald, O’Keefe selected one of the young managers
who had guided Ames through its zero base review.

G. SCOTT HUBBARD

Prior to becoming director in September 2002, Scott Hubbard
had spent fifteen years in leadership positions at NASA Ames.
Hubbard earned his undergraduate degree in physics and astronomy
from Vanderbilt University in 1970, then did graduate work in solid
state physics at the University of California at Berkeley. He served
as staff scientist at Lawrence Berkeley Laboratory, founded and
managed Canberra Semiconductor, then worked as senior research
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physicist at SRI International. During this period he authored forty
papers, and did research on radiation detection and far infrared
photoconductors. He joined Ames in 1987 and served as principal
investigator for detector technology projects; he later served as co-
investigator for the Lunar Prospector gamma ray spectrometer. As
associate director for astrobiology and space programs in the early
1990s, he originated the concept behind the Mars Pathfinder, which
successfully landed on Mars in July 1997. He helped create the NASA
Astrobiology Institute, and served as its interim director. From 1997
to 1999 he served as deputy director of the Ames space directorate.
He was also NASA manager for the Lunar Prospector mission which
launched in January 1998, orbited the Moon for a year to map lunar
resources, and found evidence of water ice at the south pole of the
Moon. In 2000 he was called to headquarters as Mars program
director, the “Mars Czar,” to reshape NASA’s efforts at the robotic
exploration of Mars following the high profile failures of the Mars
Climate Orbiter and the Polar Lander in 1999. Under his watch,
NASA accelerated their plans for Mars Odyssey and the rovers Spirit
and Opportunity. In 2001 he returned to Ames as deputy director for
research—third in command—before being named director.

Four months after becoming director, though, Hubbard was
called away from the Center for six months. When the space shuttle
Columbia disintegrated in the skies over Texas in February 2003,
NASA’s established protocol designated the director of Ames as
NASA’s sole representative on the accident investigation board. The
Ames director would not be as vested in shuttle program decisions
as were the directors of the Centers more actively engaged in human
space flight, but would still be able to marshal the NASA resources
needed for a thorough investigation. Hubbard, with the help of a
great many people at Ames, directed the testing that showed the
cause was an insulation foam breach in the shuttle wings.

Steve Zornetzer, whom Hubbard had earlier moved up to the
Ames headquarters building as director of research, served as
acting deputy director during Hubbard’s absence. “In the months
following the disaster,” remembered Zornetzer, “the entire agency
was in a holding pattern waiting to learn what would be required
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on the shuttle program. Our job was to marshal resources to help
with the return to flight”** Zornetzer, assisted by Estelle Condon
as associate director for programs, led the Center though a time of
great uncertainty in NASA’s direction.

When Hubbard returned to Ames full-time in September 2003,
he refocused on his agenda for remaking Ames. The convergence
of nanotechnology, biotechnology and information technology,
he thought, could best define Ames’ place at the frontier of
space exploration. He hoped to encourage the emergence of an
entrepreneurial space industry, and explored new partnership ideas
with Silicon Valley companies like Google. However, Hubbard
increasingly found his optimism deflated at NASA headquarters.

Full-cost accounting and recovery had a major impact on
how Hubbard was able to run Ames. O’Keefe’s background was
in government accounting rather than space. After confronting
criticism from Congress that NASA was not able to pass a financial
audit, O’Keefe quickly imposed some accounting measures
intended to display the full cost of the work NASA did. Full-cost
accounting had been discussed within NASA since the early 1990s,
as the financial equivalent of total quality management. But Goldin
thought this financial precision came at too great a cost compared
with traditional cost estimation. When O’Keefe moved ahead
with full-cost accounting, Center directors almost completely lost
control of their finances. Problems arose not simply in the precision
required in the accounting reports; the problems arose because this
accounting precision theoretically would allow the recovery of all
expenses incurred by a particular program. Mission directors at
NASA headquarters funded programs—like parts of the rocket
development program—and Center directors begged those
program managers for work packages that would pay their staff.
Center directors could not transfer money between program funds.
With little funds of their own to pay for Center maintenance, their
only flexibility was in applying overhead expenses at their Centers
to a program, until those program managers resisted.*

At the same time Congress, wanting to assure that NASA spent
money as Congress wished, moved to appropriating funds as often
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as seven times a year. And NASA headquarters started releasing all
funds on a task order by task order basis so they could monitor how
all the funding was spent. Between the encroaching bureaucracy and
the demands of the Bush administration to focus NASA on building
a new launch vehicle, Center directors had no way to address the
imbalances in the skills of their workforce. For example, at Ames,
when the space station biological research project was cancelled,
about forty civil servant life scientists found their salaries unfunded,
and their skills not easily transferred to other space science programs.
Their salaries were rolled into a Center overheard rate, already
high at Ames because of the costs of working in Silicon Valley,
and charged to funded programs. Managers bringing money into
Ames to support rocket engineering resented having to carry the
overhead burden of underemployed scientists; and world class life
scientists either left or found themselves relegated to a pool of
workers “available for other assignment”

Furthermore, full cost accounting imposed extra costs at Ames.
A human spaceflight center might manage thirty big pots of program
money (known as WBS funds, for work breakdown structure funds)
whereas Ames might track a couple different WBS numbers. At an
operational center, an engineer might charge his entire salary to
three WBS numbers; at Ames they might charge it to thirty. Lewis
Braxton led Ames’ finance staff in managing and ameliorating this
accounting burden, though morale suffered as it became apparent
Hubbard ultimately had little power to fund Center needs.

Full-cost accounting, more than anything else, shined a spotlight
the inequities in funding between the Centers. At the same time
full cost accounting intensified conflict between Centers over every
dollar of funding, O’Keefe proclaimed the idea of “One NASA
of eliminating what he considered harmful competition between
NASA's ten field Centers. He moved all agency-wide program offices
back to headquarters, and eliminated the idea that any one Center
could be a formal center of excellence within NASA. In addition to
combining infrastructure across Centers—like the shared services
center which NASA located at Stennis, or the email system located at
Marshall—O’Keefe wanted to see NASA people moving more freely
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around the Centers. In August 2003, soon after Hubbard’s return,
G. Allan Flynt, a program manager at the Johnson Space Center,
was appointed to a one-year assignment as Ames deputy director.
Flynt’s primary role was to introduce people at Ames to the program
managers in the human space flight arena who had money to spend.

Hubbard also began discussion around Ames, in response to
rumors from headquarters that O’Keefe hoped to shut down Ames,
of converting Ames into a federally funded research and development
center. FFRDCsincluded the Jet Propulsion Laboratory, RAND Corp.,
the Aerospace Corp., Lawrence Livermore National Laboratory,
and the Ames Laboratory in Ames, lowa. These laboratories did
fundamental research, could take funds from any part of the
federal government, and were usually managed by universities or as
independent not-for-profit institutions. People at Ames thought their
Center could make a superb FFRDC, but they were not yet willing to
abandon their place within NASA. More importantly, as the union of
federal employees at Ames stressed, there was no precedent around
the legislative difficulties of transferring civil servants to a non-profit
institution. The FFRDC exercise was useful, like the zero base review
of a decade earlier, in getting Ames people to think about their core
competencies and their role in the ecology of aerospace research.
Still, it only reflected Ames’ troubles with headquarters.

Hubbard was a masterful public speaker, and his all-hands and
state-of-the-Center addresses were always well attended. In January
2004 Hubbard was upbeat about the changes at NASA Ames. He had
streamlined operations, reducing the number of staff offices from
21 to 5: legal, equal employment opportunity, the SOFIA program
office, the NASA Astrobiology Institute, and the nanotechnology
center. He also announced that Cliff Imprescia would lead a new
Code P, a project engineering and management directorate that
would report directly to Hubbard. Comprised of elements of other
codes, it would focus on hardware engineering and management
of the Kepler spacecraft, the SOFIA airborne observatory, and the
space station biological research project. Hubbard also opened a new
business office, led by Wendy Dolci, to focus Ames efforts on writing
proposals for new spacecraft projects. And he instituted new types
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of training for a new generation of program managers. Leadership
Boot Camp trained division directors on how Ames worked, and
the Ames Project Excellence Program trained engineers in NASA
methods of systems engineering and project control.*® Building on
the success of the Lunar Prospector mission, Hubbard wanted to
emphasize Ames’ skills in spacecraft engineering.

As the main conduit for news, both bad and enigmatic, from
headquarters, Hubbard refined his communications with Ames
staff. Hubbard hired Ingrid Desilvestre as executive officer, to assure
communication of—and follow through—on planning. McDonald’s
tendency had been to communicate broadly. For his executive staff
meetings, he packed the N200 committee room to overflowing with
are many as forty directorate and division chiefs. Centerwide emails
went to everyone, whether they dealt with major strategic initiatives
or meetings of the ham radio club. Desilvestre focused email
communication so it reached only the intended audience, created a
Heads-Up to announce events to the entire Ames community, and
compiled a highlights memo with input from each directorate that
Hubbard referred to in detailing Ames progress to headquarters.*”
Hubbard’s executive meetings, now twice a week rather than once
every two weeks, involved only key staff and directorate chiefs, and
they were expected to disseminate information through the ranks.

When communication failed and the Ames corporate culture
broke, Ames employees could avail themselves of an ombuds office.
In January 2004 Jack Boyd added ombud to his list of jobs. NASA
headquarters asked all Centers to open an ombud office as they
sought to improve NASA’s safety culture in the wake of the Columbia
accident. It served as a confidential channel of communication
where employees could raise concerns that might affect safety or
organizational performance.

That January of 2004, O’Keefe finally found a way to express his
desire that NASA build a new rocket to replace the Space Shuttle.
President Bush announced his vision for space exploration, and
rather quickly things looked even worse for Ames. The vision
focused on human space flight: completing the International Space
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Station, retiring the Space Shuttle, building a new set of rockets
later dubbed Ares, and preparing for crewed missions to the Moon
by 2020. Robotic exploration got scant attention, as did Ames
traditional work in aeronautics and space science. O’Keefe created
at headquarters an exploration systems mission directorate, planned
for aerospace contractors to design and build the spacecraft, and
started shifting control of NASA funds toward those Centers, largely
in the American southeast, working on human space flight.

Not until November 2004 was it clear if Congress would fund
this vision. It did, and handsomely with a $16.2 billion NASA
budget. While NASA’s plans were initially intended to demonstrate
new technologies, still a stated mission of NASA Ames, little of that
money was actually spent at Ames. Hubbard created an exploration
systems office, led by Daniel J. Clancy, to coordinate all the research
done at Ames to support the vision. NASA Ames did wind tunnel
tests of rocket and capsule designs and computational fluid dynamics
on the whole system. James Reuther led the multi-Center group
developing new concepts in thermal protection systems for the crew
exploration vehicle, and much of that work was done at Ames. David
Korsmeyer led a group designing new information technologies,
notably to monitor the health of the rocket systems in real-time.

In April 2005, Michael Griffin became NASA administrator,
and brought a new intensity to the vision for space exploration.
He oversaw an Exploration Systems Architecture Study, released
in October 2005, that defined more precisely the technologies and
timeline he needed to return to the Moon.*® His goal was to minimize
the five-year gap between the confirmed retirement of the shuttle
and the availability of NASA’s planned crew exploration vehicle.
He also added a heavy launch vehicle back to NASA’s planned fleet,
now called the Constellation program. He decided to bring more
of the system engineering work in-house to NASA, rather than
leaving it to aerospace contractors, which further shifted power to
the Marshall and Johnson centers. He also hoped to minimize any
advanced technology design to instead use existing technologies,
which further cut into research funding. The Bush administration
and Congress were not, however, willing to boost NASA’s budget to
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fund Griffin’s dreams for the Constellation program.

Hubbard repackaged Ames in order to suggest the work it did
was less long-term technology demonstration and more focussed on
the specific engineering needs of Constellation. Hubbard created a
Code T encompassing all the groups—about a quarter of the Ames
workforce—who were funded to design exploration technology. Led
by Eugene Tu, the new Code T included intelligent systems, the arc
jets, and the human factors group. In August 2005, Griffin also moved
to Ames the robotic lunar exploration program office (RLEP). The
office had been at Goddard, where the Lunar Reconnaissance Orbiter
spacecraft had originated, since it was designed to serve NASA’s
science missions. However, under the vision, robotic spacecraft did
not do science, but would serve as pathfinders for a human mission
to the Moon. Griffin expected Ames to ally the RLEP with the
needs of the Constellation program, and Hubbard named as chief
Butler Hine who had recently served as the Ames liaison at NASA
headquarters to the exploration systems mission directorate. In the
short time before it was again relocated to Marshall, the Ames RLEP
office brought LRO to confirmation, completed a major trade study
for a lunar rover, and revised the robotic architecture presented in
the ESAS study.

These were all important roles, just not ones that would cover
capacity, meaning bring in funds to pay Ames salaries. Despite buy-
outs of employees near retirement, Hubbard warned Center staff
to expect lay-offs of up to ten percent of the workforce. “Managing
our way through fiscal year 06 without major damage to our core
competencies or our strategic future may be the greatest challenge
in the history of the Center,;” Hubbard declared.

In his January 2005 state of the Center address Hubbard was again
pessimistic. There was a significant decline in the Ames budget, and
little hope it would improve. The Ames budget of nearly $800 million
in fiscal year 2004 dropped by about $100 million, with aeronautics and
life sciences especially hard hit. Aeronautics suffered from a number of
unfunded earmarks. Budget forecasts for future years showed additional
declines because more funding would be subject to competition. While
Ames traditionally did well in competition, it suffered from the high
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overhead burden imposed by O’Keefe’s full-cost recovery.

Perhaps most ominously, the NASA budget submitted that
April eliminated all funding for the space station biological research
program. As part of the vision, the space station would be completed,
in part by eliminating the modules for scientific research. The shuttle
flight that would have taken the SSBRP to the station, the last shuttle
flight planned, was cancelled. A big portion of Ames’ budget in the
early 2000s—roughly $100 million of an $800 million budget—came
from life sciences work, most of which revolved around the SSBRP.
Hubbard flew more frequently to NASA headquarters, pressing the
need to restore funding for the space life sciences.

Ames had a reputation, around headquarters, and extending
back decades, for telling NASA headquarters staff what they should
do rather than actively aligning itself with the goals of headquarters.
Back on Center, his coworkers grew concerned that Hubbard’s
tendency to take credit for what was happening at Ames might
tarnish their programs as Hubbard’s star waned. Hubbard was losing
credibility with his message of hope.

A TIME OF TRANSITION

In January 2006 Scott Hubbard announced that he had resigned
to accept the Carl Sagan Chair at the SETI Institute and continue
his research in astrobiology. He also took a research position in the
aeronautics and astronautics department at Stanford University. In
a memo to Ames staff, Hubbard wrote: “As is often the case when
there is any change of administration, the new leader wants his
own team. In discussions with Mike Griffin before the holidays, we
agreed that the future of Ames should be set by a Center director of
the administrator’s choosing”

It was not clear who at Ames did have the administrator’s ear.
Following Allen Flynt’s year as Ames deputy director, headquarters
named Stan Newberry as Ames deputy director. Newberry had
served in a variety of positions around NASA, including as director
of space operations at the Johnson Space Center. Both Flynt and
Newberry brought insights into how the manned space centers
worked, and connections to program managers at those Centers.
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However, neither had enough corporate knowledge of Ames to do
much more than assume some of the director’s ceremonial functions.
In August 2005 this experiment ended, and Steve Zornetzer was
again named acting deputy director. Hubbard then named Marvin
Christensen as his special assistant to supervise efforts that required
program management experience.

Prior to becoming an Ames civil servant in September 2005,
Christensen had more than forty years experience in space industry.
He had worked at Ames for eleven years as manager of the Lockheed
Martin contract—which provided engineering support to programs
such as SOFIA, Kepler, the space station biological research facility,
and space life sciences payloads. Before that he worked at Martin
Marrietta, JPL, and NASA headquarters on a variety of spacecraft
projects. Upon Hubbard’s resignation, Griffin asked Christensen to
serve as acting Center director with Zornetzer continuing as acting
deputy director. Christensen never pretended he knew Griffin’s goals
for the Center. He was, though, an experienced hand in times of
budget crises and workforce re-alignments. Griffin never searched
for an internal candidate from Ames to become the permanent
Center director.

A month into his tenure, in February 2006, Christensen delivered
an all-hands address on how Ames would survive its budget
shortfalls in fiscal year 2007. Hundreds of millions of dollars of
NASA’s budget had been shifted from more basic research done in
Ohio and California to rocket design done in Alabama and Texas.
Since fiscal year 2004, NASA Ames had seen its budget shrink by
$200 million, from $865 million to $657 million in fiscal year 2006.
The Ames workforce had also shrunk, from 1,458 civil servants and
1,475 contractors in fiscal year 2004 to 1,237 civil servants and 851
contractors in fiscal year 2006. For fiscal year 2007, Ames’ budget was
expected to shrink further, to $533 million. Overall, NASA’s budget
was up 3.2 percent over the previous year, but Ames was getting a
smaller slice of the pie. Due to underfunding, 288 civil servants were
facing a reduction-in-force notices (RIFs), essentially lay-offs. SOFIA
had received no funding in the fiscal year 2007 budget, after a thirty
percent reduction the previous year. Kepler was slightly over budget.
Astrobiology funding was slashed by forty percent, and aeronautics
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facilities were dramatically underfunded. NASA headquarters was
reducing its efforts in education and outreach. “We still have a good
thirteen months before the RIF’ Christensen noted, “to solve our
problems”#

Christensen announced that Jack Boyd, who had moved out onto
the Center to work as Ames senior advisor for history, would move
back into the N200 headquarters building to help develop a strategic
plan. Lew Braxton’s staff in Center operations had reduced overhead
expenses by fourteen percent in one year, which improved Ames’
ability to bid on work. The Ames storage facility at Camp Parks was
sold, providing $6 million to fund other facilities, and the funds to
close out the space station biological research program were ample
enough to float many engineers on Center overhead funds. The NFAC
was leased to the U.S. Air Force Arnold Engineering Development
Center, which reduced institutional costs while keeping it available
for NASA research. Christensen continued to focus Ames on small
satellites, defined as those costing less than $250 million, built that
small satellite group new workspace, and promised to reinvigorate
Ames’ expertise in project management. NASA administrator Mike
Griffin likewise encouraged Ames to develop program management
expertise in small satellites.

That April, Christensen announced that headquarters had
selected Ames to build a secondary payload, called LCROSS, to
launch with the Lunar Reconnaissance Orbiter. Christensen had
been especially active in championing LCROSS. Joel Kearns and
Carol Carroll led an Ames team responding to an independent
assessment of SOFIA, and Christensen was optimistic that SOFIA
funding would be restored. NASA was maintaining its Centers
through “shared capabilities” funding for facilities of national-level
significance. Ames’ supercomputing capabilities were already being
funded through this mechanism, and Christensen hoped to get
similar funding for the Ames 20G centrifuge and the vertical motion
simulator. George Sarver was named Ames lead for the Constellation
work. Largely, Ames was pursuing work packages—scraps—from
the Centers that had funding for Constellation. Still, by cutting costs
and identifying the work it could do best, Ames leadership stabilized
its funding during a very challenging time.
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SIMON “PETE” WORDEN

In April 2006 Griffin announced that the new permanent director
of Ames would be Simon “Pete” Worden. Worden’s background was
thoroughly Air Force, though suffused with space science. Worden
retired in 2004 as a brigadier general after 29 years with the U.S. Air
Force. He started his career in 1975 as an astrophysicist with the Air
Force National Solar Laboratory in New Mexico. Over the next three
decades he remained an active researcher, published more than 150
papers, and was a noted expert on speckle interferometry. He was
a co-investigator for two NASA space science missions, notably
working with Alan Title on the solar magnetic and velocity field
measurement system deployed on Spacelab in 1985.

In March 1983 Worden flew to Washington D.C. to look for
his next job, as luck would have it, on the same day that President
Reagan made his speech about ballistic missile defense. He became
the first full-time staffer for the Strategic Defense Initiative Office
and, through 1994, in a variety of roles, he worked on every technical
and political facet of the Star Wars program. In 1991, when the SDIO
decided to develop a single-stage to orbit launch vehicle, Worden
supervised the work that culminated in the DC-X.*! For about $80
million, DC-X demonstrated the potential of reusable rockets able
to do vertical takeoff and landing.

He twice served in the executive office of the president. While
staff officer for initiatives in the National Space Council of the first
Bush administration, he tried to revitalize civil space exploration and
Earth monitoring, and was an architect of the “faster, cheaper, better”
approach later adopted by Dan Goldin.** He was an outspoken critic
of NASA at the time, and played a role in Richard Truly being fired
as administrator for tying NASA’s future too closely to the Shuttle.

Perhaps most relevant to his future post at NASA Ames, from
1991 through 1993 Worden served as deputy for technology
with the Ballistic Missile Defense Organization, succeeding
Michael Griffin. There, Worden had billions of dollars to spend on
development projects. He funded the Clementine mission, a small,
rapidly deployable satellite designed by a small group meeting in
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a townhouse in Alexandria, Virginia. Clementine was ostensibly
designed to test sensor and propulsion systems for missile intercept
though, remarkably, Worden succeeded in running these tests while
Clementine orbited the Moon in 1994. It became the first American
mission to return to the Moon since Apollo, and made news when
it detected the chemical signature of water around the south pole of
the Moon. He earned a NASA Outstanding Leadership Medal for
the Clementine mission.

From 1994 to 1996 Worden commanded the 50th Space Wing,
the USAF Space Command, with more than 6,000 staff at 29 locations
around the world, all responsible for more than sixty Defense
Department satellites. From 1996 to 2002 he held various director
and deputy director level positions with USAF headquarters and
the Air Force Space Command in Colorado. Following the terrorist
attacks on September 11, 2001, Worden was asked to start an Office
of Strategic Influence within the Defense Department. When the
New York Times labeled this a disinformation and psychological
operations effort, the office was closed and Worden was ushered
toward retirement.*

Worden capped his career with two years as Director for
Development and Transformation at Air Force Space Command’s
Space and Missile Systems Center in Los Angeles. “As a general in a
non-job, in an office which ran pretty well itself, he managed many
proposed but unfunded projects. He worked mostly for DARPA,
and had time to think big thoughts about the Air Force presence in
space.** He advocated a broader exploitation of space, like putting
stations in cislunar orbit, encouraged the Air Force to develop a
capability for detecting and manipulating near Earth objects such
as asteroids, and suggested thinking not about weapons in space but
the command and control of space. “Space is never going to be more
than a supporting element of warfighting. However, it’s a primary
element in war prevention.”*

Worden also defined a major program called “responsive space,” a
new way of business and engineering that did not rely on the massive,
expensive, multi-purpose satellites the Air Force had grown to rely on.
Responsive space incorporated elements of “faster, cheaper, better,’
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but with the goal of developing the ability to fabricate and deploy
satellites quickly, in response to specific military needs or scientific
opportunities. This need became obvious during the Persian Gulf War
of 1990-1991, when the massive reconnaissance satellites developed
during the Cold War did not always provide information needed by
commanders on the ground. To be operationally responsive, rockets
had to be ready to launch faster, satellites needed to be configured
quickly, and people had to be equipped and trained to use the data.
Worden’s agenda included a wider variety of smaller rockets, able
to reach orbit with eight hours warning, like the Sprite rocket built
by Microcosm, Inc. He advocated a common aerospace vehicle,
perhaps winged like the X-37B orbital test vehicle, that could loiter
in low Earth orbit until called to enter the Earth’s atmosphere. He
started work on hyperspectral sensors, notably the Noble EYE (for
Enhanced hYperspectral experiment) which could resolve a greater
array of features on Earth.

After he retired from the Air Force in 2004, Worden served
as research professor of astronomy at the University of Arizona,
Tucson where in 1975 he had earned his doctorate in astronomy.
The University of Arizona Lunar and Planetary Laboratory had long
ties with NASA Ames, stretching back to Charles Sonett’s work
on magnetometers for Apollo. The University of Arizona hosted
a leading research group in hyperspectral imaging, and Worden
worked with that group. He took a detail to serve as chief advisor on
space issues for Senator Sam Brownback (Republican from Kansas),
and helped investigate NASA’s dependence on the Shuttle.

Worden and Griffin were old friends from their days working
on the Strategic Defense Initiative. Soon after Griffin became
administrator, Worden talked with him about perhaps joining the
NASA Advisory Council. Griffin, however, wanted Worden’s help
within NASA just not, because of the enemies Worden had made,
too close to Washington. When Griffin asked Hubbard to resign, he
asked Worden to apply for the post. Worden remembers that Griffin
gave him the charge: “Fix Ames” It came as a surprise to virtually
everyone at NASA Ames when Worden was announced as the
incoming director.
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ONCE AGAIN, RE-INVENTING NASA AMES

In Worden’s first address to Ames staff in May 2006 he declared,
“Ames is the coolest place in NASA 7 So often thought, but seldom
articulated, as Ames people struggled to define their “relevance” and
“value; Worden’s statement reflected an immediate change in tone.
“Coolness” was what Worden thought Ames should aspire to, and
coolness would be the best trait for Ames to have as NASA got its
groove back. Hans Mark flew out to introduce Worden to Ames,
reflecting that he first met Worden 28 years earlier when Worden
was an Air Force captain and Mark was Secretary of the Air Force.
Mark called Worden “a zen master” able to keep focus with noise all
around. Worden said he wanted to rebuild Ames’ expertise in science
and engineering, then build new partnerships—especially with the
Defense Department. “I'm interested in seeing how we can do things
quickly,” Worden said. “If we can do that, I think we can succeed
in space exploration” When asked to describe Ames, he used the
words: “Fearless, agile, responsive, creative, inventive, hands on”

Within a few weeks of arrival, though, Worden delivered some
bad news that reminded him that space exploration was still a contact
sport. The Marshall Space Flight Center had taken the robotic lunar
exploration program away from Ames. Worden had just started a
blog, to improve communication with Ames staff, and summarized
his experience: “Congressional politics (read jobs) often dictates
what we do more than technical excellence. My first meeting with
some of the other Center directors made me feel like a little boy at
the first day of school. Several playground bullies came up to me and
asked if Mommy had given me any lunch money. When I nodded
they suggested I give it to them for ‘safe keeping. Well one of them
got some of that money called RLEP’* As consolation, Worden
noted that the RLEP itself generated little money, but mostly passed
funding on to the project offices like the LCROSS program managed
at Ames.

In fact, the politics of RLEP were more complicated. The principal
goal of RLEP was to measure water ice at the lunar south pole, and
characterize any other resources useful for a permanent station on
the Moon. Marshall wanted NASA to develop a complex lunar lander,
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costing about $2 billion, which it expected would qualify Marshall to
later build the Altair crewed lander. The Marshall RLEP II robotic
lander was as big as a crewed lander and used the proposed hydrogen
engine.”® It carried a rover that was nuclear powered and could
sample ice from many different craters. Butler Hine and his RLEP
group at Ames, by contrast, argued for an architecture built around
low-cost landers, about $200 million each, that would land at various
places and test specific technologies. To deal with uncertainties about
lunar dust, for example, the Ames RLEP group designed landers
that could carry potential astronaut suit seal materials and operate
on the Moon for a month. In the face of uncertainty, technologies
are overdesigned, and the extra mass ramified through the design.
Ames wanted to get data quickly so the Constellation engineers had
a factual basis for their designs. Marshall won the battle for the RLEP
office, but it never built the RLEP II lander. By 2008, the program
office at Marshall was itself closed.

More bad news came more quietly. Griffin asked Worden to kill
the Ames’ nanotechnology program because its results would be
too far in the future. Worden did so, cutting the staff to fewer than
twenty and rebranding the remaining staff as a center for advanced
materials. Aeronautics would remain important at Ames, but
aeronautics represented only five percent of NASA’s budget. “You
can’t run three Centers on 5 percent of its budget,” Worden noted.*

As a bit of bright news, in June 2006 NASA headquarters
announced some new work packages that would fund Ames to
work on Constellation. Ames would lead development of the
thermal protection system for the crew exploration vehicle, as well
as integration of all the information technology. At a second all-
hands meeting, Worden predicted that there would be no RIF and
that Ames would continue to find itself in the mainstream of where
NASA itself was going.

Two changes in NASA’s financial environment gave Worden
more control over his finances than Hubbard had. First, full-cost
accounting and recovery were changed throughout NASA by adding
a CM&O budget, for Center management and operations. Each year
Worden got funds, essentially overhead funds pulled out of program
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funds before they left headquarters, that he could use for director’s
staff and discretionary funds. Those funds were limited, though, and
Worden was seldom able to fund all the great ideas he saw emerging
from Ames. Jack Boyd described Worden as open to any and all great
ideas: “If you present him with three ways of doing something, he’ll
want to do all three” What limited his ambition was the limit of his
CM&O funds.

Second, tenants in the NASA Research Park (NRP) began to
return rents. The legislative mechanism behind these funds was the
enhanced use lease (EUL), which Congress created to allow military
bases to rent underutilized land in return for fair market rents or
in-kind services. Mike Marlaire was actively involved in drafting the
legislation that extended EUL authority to NASA, in 2003. Because
of the value of Silicon Valley real estate, the NRP grew into a valuable
source of alternative funding for Ames. When Worden arrived in
2006 NRP tenants returned $531,000 in rents and $150,000 in in-
kind services to the Center.”

Unfortunately, both NASA headquarters and Congress noticed
Ames’ success. The NRP underwent, and survived, audits from
the General Accounting Office and the NASA inspector general.
In 2006 NASA Headquarters asked for a formal business plan
that showed how every NRP tenant would contribute solely to the
Bush administration vision for space exploration. In 2007 Congress
eliminated the option for NRP tenants to pay their rent with in-kind
services, and required that any funds earned through EUL go back
to the treasury for Congress to allocate, rather than remain under
control of the Center director. Despite these setbacks, Ames was
recognized as a world leader in public-private partnerships, and
representatives from other NASA Centers and other government
laboratories visited the NRP’s Silicon Valley campus to learn how
they could replicate that success.*

Worden, over the course of his career, had nurtured contacts that
now helped him bring spacecraft engineering work to Ames. He used
discretionary funds to bring some fresh faces to Ames. He hired in
Peter Klupar and Alan Weston from the space vehicles division of the
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Air Force Research Laboratory to build the infrastructure for a small
satellite effort. Gary Martin, who had worked at NASA headquarters
on space architecture studies, was hired to manage a new Code V,
encompassing all of Ames’ public outreach, education and strategic
partnership efforts. Chris Kemp was elevated to the position of chief
information officer. Worden brought to Ames a group of young space
enthusiasts he had met during his travels, including many students
of the International Space University. His long terms goals included
reducing the average age of the Ames workforce, hiring more young
people from around the country and around the world, and hiring
students from minority universities. These young engineers were
driven by the desire to get spacecraft into flight.

Many old hands remained in senior management, though. Lew
Braxton managed Center operations, Eugene Tu managed Ames
support of Constellation engineering, Tom Edwards managed its
aeronautics portfolio, Michael Bicay led the space sciences, and Tom
Berndt became chief counsel. Worden appointed Steve Zornetzer
as his associate director for research, Jack Boyd as his senior advisor
and Marv Christensen, who had served as acting director for more
than a year, as his deputy director. After a year, though, Worden re-
assigned Christensen after he interjected himself into decisions on
senior staff and on relations with other Centers.

Worden quickly named Lew Braxton as his new deputy. Braxton
had spent almost all of his career at Ames, rising to chief financial
officer during a time of rapid change in how NASA did its accounting
and then moving to take charge of Center operations. (Deborah Feng
would succeed him in that role.) The division of labor within the
N200 headquarters building was now clearer. Braxton took care of
things on Center, leaving Worden free to finesse Ames’ role in space
exploration at large.

Yuri’s Night symbolized Worden’s efforts to stoke the space
enthusiasm among a newer generation. Every April 12th, space
enthusiasts around the world held parties to celebrate humankind’s
past and future presence in space. As a Soviet cosmonaut, Yuri
Gagarin was far better known outside America, and the celebration
was largely ignored by anyone with ties to NASA. Still, Ames debuted
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its first Yuri’s Night party in 2007, with many participants masterfully
coordinated by Lew Braxton, and it attracted wide interested. More
than 8,000 people attended Yuris Night the next year. Worden
wore a Soviet general’s uniform, and much of his senior staff wore
costumes reflecting their imagined future in space. The party
appealled to a younger constituency, showed Ames’ aspirations for
internationalism, and it was all part of being cool. Worden'’s leadership
style was also evident in the Great Worden Quake exercises of 2007
and 2008. These were emergency response exercises that involved
the whole Center and many local communities, and highlighted the
ingenuity of Ames protective services personnel. To work, it required
tremendous cross-Center collaboration.

Worden also reshaped NASA Ames around the work he started
with the U.S. Air Force on “responsive space,” by accelerating Ames’
work in small spacecraft. “Small” might mean light and volumetrically
compact, like the Ames GeneSat and PharmaSat. More importantly,
small meant quickly built, which equated to inexpensive. Faster, better
cheaper as a phrase was no longer in vogue, since during the Goldin
years it was seen to allow for failure. “Small” and “responsive” instead
reflected Worden’s new emphasis on spacecraft project management.

Worden reshaped the Ames Code P office into a program and
projects directorate. Led by Alan Weston, it focused solely on the
success of active projects, which included small spacecraft like
Kepler and LCROSS. Peter Klupar led Code R, an engineering
directorate, to develop new technologies and mission concepts.
Over the course of his career, with the aerospace industry and the
Air Force, Klupar had flown more than forty spacecraft—some big,
some small. Klupar shrunk Code R to a staff of about 150, all focused
on spacecraft engineering. He created a mission design division, led
by Belgacem Jaroux, based on the concurrent engineering strategy
of Team X at JPL but focused on smaller spacecraft. The mission
design division focused on developing tools—like thermal analysis
software—to support the rapid engineer of small spacecraft. The first
data integrated into the mission design center was from the modular
common bus built by the Ames RLEP office.

As soon as he had arrived at Ames, Worden was itching to cut

67



ATMOSPHERE OF FREEDOM: 70th Anniversary Edition

metal and build a prototype. Butler Hine led NASA’s robotic lunar
exploration office for the year it resided at Ames. When it moved to
Marshall, Worden funded this group with his discretionary funds to
continue working on the most interesting project—an inexpensive
lunar lander. They started by designing a lunar orbiter and lander
separately. As Worden pushed them to make the designs more
modular, with components that could be easily swapped out for
different science needs, the team realized that many of the modules
could be used for either a lander or orbiter. Soon they had a set of
modules that could be linked to satisfy a variety of missions: lunar
lander, lunar orbit, libation points, and asteroid rendezvous. “We
would drive up opportunity by driving down cost,” noted Hine.*
NASA contractors had a long history of promoting common buses,
a history littered with failure. Hine’s group studied them all: the
THEMIS satellites designed by Swales Aerospace, the CubeSats
devised largely by graduate students, and sensors and avionics
components developed for the U.S. Air Force. “Why did we think
we could succeed?” reflected Hine. “Because we inverted the design
from a requirements-driven bus to a capabilities-driven bus”
They used available parts, like a crash sensor from an automobile
manufacturer as a motion sensor. They designed it to launch as a
secondary payload to a larger mission, or to launch on a small rocket
like the commercial Falcon 1 under development. They developed
software to manage the thermal environment while the spacecraft
was operational. Reusable spacecraft often faltered in thermal
design, which typically had to be tailored to the payload and the
flight location of the spacecraft.”® They tested early and often, using
cold compressed air so that they could perform an indoor hover test
every hour. By the time they were ready to test with conventional
rocket engines, the flight control software worked well. In less than
fifteen months, and with a budget under $4 million, a group of
fourteen researchers at Ames demonstrated that a bus could be built
for a tenth of the cost of a conventional robotic mission.

To validate the concept in space flight, NASA asked Ames to
use the common modular bus as the foundation of the LADEE
mission to study the tenuous lunar atmosphere. The entire design,
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and testing apparatus, was also shipped to Marshall Space Flight
Center for possible use in the international lunar network. With
the announcement of the Google Lunar X Prize in September 2007,
many teams approached NASA Ames requesting access to this bus
technology for their own transportation systems to the Moon.**

To get right at problems encountered in Ames’ growing portfolio
of projects, Worden put in place a series of meetings. Worden
reduced the meetings of key staff to three short “tag-ups:” a project
tag, an institutional tag, and a strategic planning tag. General up-
dates were relegated to an internal blog, and the tags were meant to
focus on what changed and what problems senior management still
expected to work through.

After Worden retired from the Air Force, its effort in responsive
space suffered a bit, politically.*® But by 2008, at congressional
insistence, the Air Force re-emphasized the effort by creating an
operationally responsive space office at Kirtland Air Force Base in
New Mexico. This ORSO quickly forged a partnership with NASA
Ames. In 2009 Ames was named the contracting agent for the ORSO
rapid response space works, dubbed the Chileworks, which did
basic research on open architectures, modular payloads, standard
interfaces, and common ground infrastructure. NASA was one of
the few agencies of the federal government that had the capability to
build spacecraft itself, and supporting the Defense Department was
part of its charter.

Worden was more vocal about calling itself a “partner; and
being proud of its supporting contributions to projects led by other
Centers—especially with Goddard and Northrop Grumman. He
was the first senior NASA official to visit Korea, and the result was
an agreement for more collaboration between NASA and Korea.
Worden and Gary Martin brought onto the Ames campus, for the
firsttime at a NASA facility, the summer session of International Space
University which further expanded the prospects of NASA Ames
partnering with nations that did no already have space programs.

In addition, Ames accelerated its efforts to build partnerships
with its Silicon Valley neighbors, create educational alliances,
and develop the NASA Research Park. Worden now managed
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1,800 acres of Silicon Valley real estate, making Ames the largest
landholder in the region after Stanford University. The growth of
the NRP expanded in 2008, when Ames signed two key enhanced
use lease agreements. University Associates, a consortium of local
universities led by UC Santa Cruz, would develop seventy acres of the
NASA Research Park for a campus supporting careers and research in
science and engineering.

NASA Ames expanded its ongoing partnership with its Silicon
Valley neighbor, Google. The agreement with Google first focused
on making NASA images and planetary data more accessible to the
public. Ames worked with Google to develop Google Moon so that
anyone could take a virtual trip to the Moon. Planetary Ventures, a
subsidiary of Google, drafted plans to develop unused land in the
northwest corner of the Ames campus for expansion of the Google
Mountain View campus.

NASA Ames and Airship Ventures LLC together celebrated the
75th anniversary of the commissioning of Moffett Field. Airship
Ventures, a partner of the NASA Research Park, began operations
of a dirigible at Moffett Field out of Hangar Two. The dirigible was
available for NASA’s remote sensing and atmospheric research and,
by providing sight-seeing flights over the Bay Area, it gave insight
into cleaner and more efficient vehicles for air tourism. Three of
only twelve remaining airship hangars in the U.S. remained at
Moffett Field.

Worden also focused Ames on its entrepreneurial space
initiatives. Congress designated the International Space Station as a
National Laboratory in 2005, and NASA Ames hosted a conference
on its role in the commercial development of space. Biotechnology
firms were especially keen on access to low Earth orbit. On Center,
Ames forged a partnership with Life Source Biomedical, LLC and a
plan to rejuvenate its animal care facility for life sciences research.

As acting director, Christensen had signed an agreement to create
a Space Portal in partnership with the Alliance for Commercial
Enterprises in Space, a trade group supporting space entrepreneurs.
Led by Dan Rasky, it served as a friendly front door into NASA
research for the entrepreneurial space industry. In December 2007
NASA Headquarters asked Worden to downsize the Space Portal,
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perhaps concerned that privately built launch vehicles would
compete for attention with NASA’s Ares 1 and Ares 5 rockets. Though
reduced in size and scope, the Space Portal remained at the center
of discussion on how NASA people might support the commercial
space industry.

Ames also served as NASA’s lead for its SBIR/STTR program (for
Small Business Innovation Research and Small Business Technology
Transfer Programs). In managed $125 million per year in funding
for small business to participate in government research projects.
The NRP division now hosted more than forty industry partners,
including some high profile firms like Bloom Energy, and more
than fourteen academic partners. NRP tenants were forging major
new initiatives in green technology, disaster response, and science
education. The NRP was beginning to demonstrate in very clear terms
the value of collaboration—as opposed to funding procurements or
research grants—with commercial firms.

Since arriving in 2006, Worden had encouraged Ames people to
move in many different directions, but to move forcefully. Many of
these initiatives quickly showed great promise.

THE IMPORTANCE OF DIRECTORS

It is entirely possible to envision the history of NASA Ames as
revolving around the directors who have guided the Center—the
expertise they brought to the position, how they organized their
team, the challenges they faced. Through their tenures, we can
chart the ebb and flow of budget and staffing, the facilities built, key
partnerships, major administrative efforts on quality and safety, and
relations between Ames and NASA headquarters and other NASA
Centers. Where the directors have had the greatest impact, though,
is in repackaging—re-organizing and re-branding—Ames’ extant
research efforts to fit NASA’s changing strategic visions.

For example, Smith DeFrance, Ames’ founding director, remained
Center director from 1958 through 1965 as the NACA was absorbed
into NASA. DeFrance was often described as conservative, but in
fact, he positioned Ames well—culturally and organizationally—
to perpetually develop new fields as NASA shifted its strategy.
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DeFrance started Ames on the path toward becoming NASA’s lead
center for developing new space-related disciplines as with biology,
space science, and information technology. Ames developed new
disciplines even while the Center remained an engineering operation
supporting the human space efforts of the 1960s. Hans Mark brought
a new perspective to the Center—of more open collaboration
with other agencies—and defined more focused research efforts
in rotorcraft and computational fluid dynamics. Into the 1990s,
Harry McDonald repackaged Ames work into several areas which
resonated with headquarters and positioned Ames as the agency’s
think tank, integrated into the intellectual life of Silicon Valley which
surrounds it.

“The director can shape the Center in some profound ways,’
noted Worden. First, they shape the Center in hiring senior staff,
and encouraging those senior people to take a chance on younger
people. “Directors can make it known that people should expect to
be fired. Program managers who make mistakes should be assigned
to staff, and maybe later reassigned to other projects” Second,
they shape the Center in providing a vision and words that inspire
people. The director takes the gambles for the Center; he decides
which investments the Center should make. Third, in setting a tone
of diligence in working through problems: “Show up, pay attention,
and don’t panic. I may be upset if there’s a problem, but I'll be real
upset if there’s a problem and I wasn't told about it earlier”*® This
held true for all directors, starting with DeFrance.

Still, most Ames people are ambivalent about the importance
of their directors, even those they liked. Other than DeFrance, who
served as director for 25 years, the longest tenure of any director
belonged to Hans Mark at seven years. While Ames accomplished
many great things quickly, seven years is not much time to shift an
institution like Ames, which is both governmental in its processes
and academic in its inclination. Indeed, no director has had more
influence on the Center than the cumulative impact of the many
other people who dedicated their careers to it.

There is no self-evident way to organize a history of NASA Ames
since 1958. There is no clear single technological trajectory to follow,
as KSC has with launch operations or Marshall with engine design.
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At Ames, what is so fascinating about its technological trajectories
is how they branch off and intertwine into new disciplines and
programs, and how the Center perpetually reinvents itself. To
organize Ames history chronologically, or according to the tenures
of directors, would give too much weight to NASA-wide politics in
setting the agenda for work at Ames. Thus, this history will organize
the Ames story according to broad and long-standing research areas
at Ames: space projects, planetary science, life sciences, information
technology, and aeronautics.
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CHAPTER 2

Space Projects

Project engineering at NASA Ames had a pre-history with the
NACA, in that the wind tunnels Ames people built were among the
most sophisticated scientific instruments ever built, with precision
measurements emerging flawlessly inside massive hulls, generating
streams of data that needed to be managed, while customers waited
turns to use the facility. With the managerial oversight of Jack Parsons,
Ames people built more than twenty wind tunnels during its years
with the NACA, and proved very adept at building these quickly and
to demanding specifications. The people who formed the early Ames
cadre of space projects engineers—Charlie Hall, Al Seiff, Al Eggers—
honed their skills as members of Harvey Allen’s high speed research
division, which built among the most sophisticated wind tunnels, arc
jets and ballistic ranges.

This chapter follows the trajectory of Ames’ growing competence
in building small, effective robotic spacecraft, and the instruments
flown on them. The Pioneer spacecraft figure prominently, as does
the entry probes that mapped the atmospheres of Venus, Mars and
Jupiter. It concludes with discussions of Lunar Prospector, SOFIA,
Stardust, Kepler, and the many small spacecraft currently being
designed at NASA Ames. Other chapters will address related topics:
experiment packages for space life sciences, engineering work to
support human spaceflight, and the evolution of the planetary
sciences at Ames.

NASA Ames’ success in space exploration was built on a triad
of people, thoughts and things. NASA Ames has not only built
spacecraft, it has built the careers of scientists and engineers who
build the spacecraft. Some of the research staff at Ames thrived in
a matrixed environment. Scientists work in their fields, publishing
papers, studying the state of the art in their disciplines, and
advancing new theories. Some persistently involve themselves in
project planning, hoping to build an instrument that will find its way
onto a funded spacecraft. The proposal writing process is part of the
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intellectual capital of the Center. If an instrument is not selected for
a funded spacecraft, the proposer goes back to her disciplinary work,
and the proposal lingers until another group decides to put together
anew plan for a future spacecraft. Thus, in understanding the history
of Ames, it is important to understand not only how spacecraft are
built, but also how proposals become finished spacecraft and how
the people who build spacecraft build their own careers.

SPACECRAFT PROGRAM MANAGEMENT

Smith DeFrance and Harvey Allen both preferred that Ames
stick to research—either basic or applied to support those designing
spacecraft—and stay out of what NASA called spacecraft project
management. Russ Robinson agreed, as did Ira Abbott at NASA
headquarters. Jack Parsons, though, encouraged the young Ames
researchers who hoped to try their hand at building spacecraft, as
did Harry Goett. Early in 1958, Goett and his colleague Robert Crane
prepared specifications for an attitude stabilization system needed
for the OAO (the orbiting astronomical observatory), as well as the
Nimbus meteorological satellite. Encouraged by how well NASA
headquarters received their idea, Goett persuaded DeFrance to
submit a proposal for Ames to assume total technical responsibility
for the OAO project. Abbott at headquarters, though, told Ames to
stick to its research. Soon after Goett left Ames to become the first
director of the Goddard Space Flight Center in Maryland, where
these meteorological satellites were being built.

Al Eggers, backed by the expertise pulled together in his new
vehicle environment division, was the next to try to get Ames involved
in spacecraft project management. Eggers’ assistant division chief,
Charles Hall, wanted to build a solar probe to measure the sun from
outside the Earth’s magnetosphere. By late 1961, Hall had succeeded
in getting audiences with headquarters staff, who discouraged
him by suggesting he redesign it as an interplanetary probe. Space
Technology Laboratories heard of Ames’ interest, and Hall was
able to raise enough money to hire STL for a feasibility study of an
interplanetary probe. Armed with the study, DeFrance and Parsons
both went to headquarters and, in November 1963, won the right for
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Ames to manage the PIQSY probe (for Pioneer International Quiet
Sun Year), a name soon shortened to simply Pioneers 6 to 9. DeFrance
thought a Pioneer-based space flight program might suit Ames: the
spacecraft concept was understood, the Delta launch vehicle to be
used was proven, and tracking and data acquisition services could be
obtained either through the deep space network at JPL or from the
Goddard satellite network.

It was DeFrance’s reputation that ultimately earned Ames the
opportunity to lead the Pioneer program. The Pioneers would not
be expensive—in fact they were the progenitors of the faster, better,
cheaper style of program management—but they were important.
The first set of Pioneers were solar sentinels, orbiting the sun and
relaying information about solar flares so the Apollo astronauts
could seek shelter from the radiation. Two later Pioneers would be
the first to Jupiter and Saturn, and thus show that the way through
the asteroid belt was safe for the more expensive Voyager mission
to follow. NASA headquarters wanted assurance that Ames could
follow through on its commitment to get the Pioneers into space.

In his history of the Pioneer probes Mark Wolverton recounts
an interview with Charlie Hall, the Pioneer program manager. Hall
had traveled back to headquarters to make a final presentation at the
highest levels of headquarters staff. Everyone noticed that DeFrance,
who would not fly because of promise to his wife after a very early
airplane accident, had taken the train from California to support him:

Almost 40 years later, Hall still vividly remembered what
happened next.

“INASA deputy administrator Robert] Seamans turned
to Smitty [Smith DeFrance] and said, ‘Smitty, what do
you think of this?” And my heart just dropped. I thought,
God, he could kill it right now, do anything he wanted
with it” Even Hall, at that point, wasn’t fully certain of
DeFrance’s unequivocal support. Would DeFrance, the
old NACA engineer famous for his traditional ways,
put his beloved Ames at risk? He did: “He said, ‘Ames
is 100 percent behind it,” Hall recalled. “And I knew we
were going to get the program because DeFrance was
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extremely admired at headquarters. They knew he would
be backing me in any way, shape, and form and wouldn’t
let the thing fail”*

Indeed, by backing Hall, and by encouraging the transfer of
Charles Sonett from NASA headquarters to Ames, DeFrance
had belatedly but firmly positioned Ames as a leader in planetary
sciences. A position in planetary science was likely most important
for DeFrance. Given DeFrance’s belief in management by peer
review, as was the NACA culture, when NASA gave him a choice of
expansion through a university model or the program management
method used by business, DeFrance thought the university model
gave taxpayers the most value. The Ames space sciences and life
science programs of the 1960s showed that.

DeFrance also reluctantly supported the Biosatellite program.
Biosatellite started when headquarters asked Ames what science
might come from sending monkeys into space in leftover Mercury
capsules. When Carlton Bioletti submitted Ames’ proposal to
headquarters early in 1962, a jurisdictional dispute erupted with the
Air Force over which agency should control research in aerospace
human factors. Because the United States was already well behind
the Soviet Union in space life sciences, NASA won the right to
bolster its life sciences work. NASA headquarters decided Ames
would do basic research, using animal models, while the Air Force
and later the Johnson Space Center would do research applied to
human exploration. In the meantime, university biologists started
submitting unsolicited proposals to Ames. Bioletti’s group visited
each of these biologists to learn more about what specifications
might look like for a series of biological satellites. Impressed with
these efforts, in October 1962 NASA headquarters tasked Ames to
manage Project Biosatellite.

By 1963, DeFrance recognized that without some specialized
experience in managing projects, Ames would be left behind NASA’s
growth curve. In the NACA years, most engineers needing a new
research facility actually designed and built it themselves. Harvey
Allen, for a time, jokingly answered his phone “theoretical concrete
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and reinforced aerodynamics section” Ames had a tradition of
successfully hacking together proof-of-concept tunnels from
borrowed parts, using very little formal management process. Even
for the larger wind tunnels an engineer only needed the help of Jack
Parsons to marshal the necessary construction resources within the
laboratory.

When projects were launched into space, however, executing
them got more complex. First, most of the support came from
outside the Center—from aerospace contractors or from the NASA
Centers that built launch vehicles, spacecraft, or data acquisition
networks. Second, nothing could go wrong when the spacecraft or
experimental payload was so distant in space. Technical integration
and reliability had to be well conceived and executed. Finally, the
larger costs evoked greater concerns from headquarters, and thus
warranted more reporting on how things might go right. Into the
1960s, program management was a skill taught in universities,
something any engineers could do but not something all wished to
do. Spacecraft engineers were increasingly willing to have a project
management specialist handle these more burdensome tasks in
network scheduling and systems engineering.

Ames management began to cultivate program managers.
Bob Crane was named to the new position of assistant director
for development and he, in turn, named John V. Foster to head
his systems engineering division. The sought project managers
attuned to the scientists that they served, and who would not put
the machine above the results it produced. Charlie Hall, who had
built wind tunnels as part of Harvey Allen’s group, managed the
Pioneer project and Charlie Wilson managed Biosatellite. Both Hall
and Wilson worked with lean staffs, who oversaw more extensive
contracting with outside firms than was usual at Ames. Significantly,
both reported to headquarters through the Office of Space Science
and Applications (OSSA) whereas the Center as a whole reported to
the Office of Advanced Research and Technology (OART). Project
management at Ames remained segregated from the laboratory
culture of the Center even as it, gradually, absorbed that culture.
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EARLY SPACE FLIGHT EXPERIMENTS

Meanwhile Ames staff developed expertise in building
experiment packages, the smaller black boxes integrated onto a
spacecraft and able to deliver discrete and usable data to a single
principal investigator. An instrument to measure solar particle
flux was the first spaceborne experiment package led by an Ames
principal investigator, Michel Bader. Bader’s first job at Ames was
building a land-based research facility—an ion accelerator that shot
particles against a metal sheet so he could estimate the impact of
solar wind on spacecraft. Bader built two plasma probes mounted on
identical early Pioneer satellites (P-30 and P-31). While the satellites
orbited the Moon, the plasma probes would measure energy and
momentum distribution of protons above a few kilovolts to study
the radiation affects of solar flares. Both experiments were built by
late 1960; neither spacecraft launched successfully.

Pessimism was the rule in early spaceborne experimentation
throughout NASA. Ames learned to build redundantly, in series,
expecting failure of the spacecraft or of an experiment from
many possible sources. During the 1960s, Ames built 35 separate
instruments for scientific spacecraft, a good number given Ames’
size relative to other NASA Centers. Virtually all of these were
designed, built and tested by technicians on Center. The failure rate,
either because of the instrument or its spacecraft, was discouraging
but consistent with the failure rate throughout the early space age.
John Mihalov, for example, built five spectrometers for various uses,
including one to study the biological effects of space radiation. Only
one reached orbit.

Carr Neel, notably, enjoyed greater success. Neel started at
Ames working with Lew Rodert on thermal deicing systems and
later joined the gasdynamics branch to study reflective surface
coatings—paint—to keep spacecraft cool from ultraviolet radiation.
He devised a simple experiment to study the temperature rise
under various coatings. The OSO-1 (for orbiting solar observatory)
launched in March 1962 and the OSO-2 launched in February 1965
carried experiments that returned conclusive results. On OSO-3,
Neel adapted the laboratory apparatus he had used to calibrate the
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previous experiments to measure total radiation reflected from Earth,
called its albedo. His second experiment on OSO-3 was a directional
radiometer to measure the spectral distribution of sunlight reflected
from the Earth to better understand its impact on satellites orbiting
near the Earth.

The theoretical foundations for Michel Bader’s next experiment
had been laid by John Spreiter and John Wolfe of the Ames
theoretical studies branch, who tried to define the limits of the
Earth’s magnetosphere—where exactly the Earth’s magnetic field
interacted with the flow of charge particles from the Sun. Most space
scientists thought that boundary would be at ten Earth radii, limited
measurements showed it at fourteen Earth radii, and Spreiter’s
calculations put it at eight Earth radii.®® Furthermore, he expected
a that tenuous shock wave—not unlike that formed by a blunt body
travelling at hypersonic speeds—might form at some distance ahead
of the Earth’s magnetosphere, with weak interactions between the
fields.

Bader, working with Tom Fryer of the instrument research branch
and Fred Witteborn of the physics branch, built an instrument that
could measure the energy and density of ion trajectories. Their
electrostatic analyzer was built with a quadrispherical curved
plate, and with an electrometer as a detector. It was remarkably
compact for the time. It used 145 milliwatts of solar cell power,
weighed 1.1 pounds, with a volume less than 2 by 3 by 4 inches.”
The instrument was one of six carried aloft by the Explorer 12 in
August 1961. Preliminary results showed no ions were detected,
so Bader concluded there was no defined proton ring, but rather a
broad boundary between the solar wind and the geomagnetic field.*
However, Bader soon realized his results were bad. Because of poor
communication with the project team at Goddard, the instrument
never looked directly at the Sun.

NASA Ames got a second chance to measure the solar wind with
Explorer 14, launched in October 1962, this time with John Wolfe as
principal investigator on the electrostatic analyzer. Charles Sonett
had just arrived at Ames, and Wolfe was one of the first to join his
space sciences division. (Bader led a science team aboard a DC-8
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duringa 1963 solar eclipse, and soon left spaceborne experimentation
to devote his career to airborne astronomy.) While structurally the
same as that on Explorer 12, this detector was more sensitive and
better positioned on the spacecraft. However, the instrument was
blinded by solar ultraviolet radiation whenever it looked within three
degrees of the sun. Wolfe had made the error of not using a vacuum
chamber while testing his instrument for ultraviolet response.®* The
only useful data were obtained during a geomagnetic disturbance on
October 7, 1962.%2 Measuring the solar wind generally had proven
very difficult. Of the ten efforts successfully launched up to then,
only one instrument, built by JPL and launched aboard Mariner
2, returned any useful data that even confirmed the presence of a
solar wind.

Wolfe flew three more electrostatic analyzers, each with fourteen
energy channels, aboard three largely identical Explorers 18, 21 and
28 (also known as IMP-1, 2 and 3 for interplanetary monitoring
system) launched in November 1963, October 1964 and May 1965.
The instrument on Explorer 18 worked well for five months, then
the spacecraft started to degrade. With Explorer 21, the spacecraft
never achieved its planned apogee, limiting the utility of the data.
With Explorer 28, the instrument failed at launch, even though the
spacecraft operated for two years. At the same time he was working
on the IMPs, Wolf built three electrostatic analyzers for OGO-1
and OGO-3 (for orbiting geophysical observatory), then the largest
scientific spacecraft ever built. While the instruments worked, an
unintended spin of the spacecraftlimited the utility of the data. Within
four years Wolfe launched six instruments with limited success. Still,
Ames earned enough data to characterize the solar wind, to confirm
the importance of continuing with measurements, and Wolfe refined
his electrostatic analyzer for future flights. NASA Ames’ experience
with space experiments, especially in the measurement of the solar
wind, took a major leap with the early Pioneer series of spacecraft.

PIONEERS 6 TO 9

The Pioneers span two decades in the recent history of Ames,
transcending efforts to periodize them neatly. The first Pioneers—
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the 6 to 9 solar observatories—were conceived under DeFrance and
executed under Allen. Allen asked the same group to plan Pioneers
10 and 11, and Hans Mark, Allen’s successor as director, presided
over the execution of the Pioneers as simple, elegant, science-
focused, and pathbreaking projects. Mark initiated a Pioneer Venus
project, though Bill Ballhaus spoke at the press conference. Every
subsequent Ames director—upon the occasion of data returned
from some encounter on the trip of Pioneer 10 or 11 out of our solar
system—has had occasion to reflect upon the meaning and value
of these sturdy little spacecraft. Even in the 1960s, the Ames space
projects division devised the Pioneer program as a shot across the
bow of the NASA way of building spacecraft.

In 1963, largely at the urging of Charles Sonett, who had
participated in earlier Pioneer flights, Ames was given a block of four
Pioneer flights, and a small budget of $40 million total. The bulk of
this funding went to contractors—to Douglas and Aerojet-General to
build the Thor-Delta rockets and to Space Technology Laboratories
to build the spacecraft. NASA headquarters expected the program
to leverage Ames’ scientific expertise in measuring the sun, and let
the Center try its hand at managing a simple spacecraft program.
Charlie Hall was selected Pioneer project manager and worked to a
very short timeline. Each of the four Pioneers was largely identical,
though each carried a different set of ten of seventeen experiment
packages. To keep the spacecraft simple, it was kept small (about 150
pounds and three feet in diameter), powered by batteries and solar
cells wrapped around the body, and spin stabilized at sixty rotations
per minute. The Pioneers, in fact, demonstrated the value of spin
stabilization—as opposed to three axis stabilization—to very simply
control spacecraft orientation.

Within two years of project funding, in December 1965, Pioneer
6 achieved its orbit around the sun just inside the orbit of Earth.
It immediately began sending back data on magnetic fields, cosmic
rays, high-energy particles, electron density, electric fields, and
cosmic dust. Pioneer 7 followed six months later, Pioneer 8 six
months after that, Pioneer 9 launched in November 1968, and the
final spacecraft was destroyed in a launch failure.
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These four Pioneers sat in widely separated orbits ringing the
sun, but outside the influence of Earth, and returned data on the
solar environment. Until 1972, they were NASA’s primary sentinels
to warn of the solar storms that disrupted radio communications and
electricity distribution on Earth. When positioned behind the sun
the Pioneers collected data to predict solar storms, since they could
track changes on the solar surface two weeks before they were seen
on Earth. During the Apollo lunar landings, the Pioneers returned
data hourly to mission control, to warn of the intense showers of
solar protons that could be dangerous to astronauts on the surface
of the Moon.

In addition to building spacecraft and sensors to collect the
data, Ames also designed the telemetry to gather the data and the
computers to process it. Pioneer 6 first gave accurate measurements
of the Sun’s corona where the solar winds boil off into space. Pioneer
7 measured the Earth’s magnetic tail as three times longer than
previously measured, and the plasma wave experiment on Pioneer
8 provided a full picture of Earth’s magnetic tail. For the Pioneer 9
spacecraft, Ames demonstrated the convolution coders later used
for navigation on most deep space planetary missions. Since the sun
is typical of many stars, Ames astrophysicists learned much about
stellar evolution. Before the Pioneers, the solar wind was thought to
